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Ten: 
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The charts 
tell 
the story. 


i 
Si Hoinme zi 


HAGAN has the BEST automatic 


If you don’t believe it--look at the charts. The reasons for this 
superior performance lie in the use of Hagan’s unique new PowrAmp 
temperature measuring system, and the sensitivity, speed and ac- 
curacy of its related control components. 

The charts are typical of those produced daily on a new boiler at a 
large Florida utility. This exact control is achieved by positioning of 
the burner and with minimum use of spray. 

If you feel that your steam temperature control can be improved 
See Hagan. 
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agan automatic control 
maintains: superheat ste 
mperature. exactly 


superheat steam temperature control 
HAGAN CORPORATION 


HAGAN BUILDING, PITTSBURGH 30, PA. 


Systems and Components for: Boiler Combustion 
Control, Metallurgical Furnace Control, Process Con- 
troi, Aeronautical Testing Facilities - Industrial Water 
Treatment - Chemicals for Water Conditioning 


HAGAN SUBSIDIARIES: CALGON, INC. « HALL LABORATORIES, INC. 
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The Philadelphia Electric Company, 
for example, is one of the fastest 
growing utilities in the U. S. Here, 
men are thinking and working years 
ahead to take care of the “explod 
ing’ growth of the industrial Dela- 
ware Valley, and the ever-increasing 
population of Philadelphia, the 
“City of Homes”’ 


. Nothing short of 


the most advanced design and effi- 
ciency of new equipment can be con- 
sidered by the Philadelphia Electric 
Company to keep its generating 
capacity safely ahead of loading. 


As part of their expansion program, 
two C. H. Wheeler 60,000 sq. ft 
steam condensers are installed at 


YEARS-AHEAD DESIGN 
IN STEAM CONDENSERS FOR 
UTILITIES THAT ARE EXPANDING 


the new Delaware Station. These 
are surface condensers of modern 
design; dual bank, single pass, di- 
vided water box type. Each unit 
condenses steam for a 125,000-kilo- 
watt turbo-generator. Photo shows 
close-up of water box and man- 
hole detail 





MAIN AIR EJECTORS 


» ++ by C. H. WHEELER 


ij : “Rigg 


An important factor in the 
performance of the ( i 
Wheeler Steam Condensers is 
the efficiency of the main air 
ciectors. ( H. Wheeler has 
always been the source for 
the latest developments in 
steam pet air epectors 


The streamlined, steel-shell 
Tubejet Ejectors installed at 
the Delaware Station are ef- 
fecting considerable savings 
in space and providing de- 
pendable removal of air 


CH, Wheoler. 


Cc. H. Ween eruene were ov Caren avee 


a _ AN 


MARINE 


HUGE C. H. WHEELER PUMPS 


wa, 





“ mp 


NDENSERS AND E 


DELIVER 86,500 GPM RIVER WATER 


stallations at the new Delaware 
Station are the circulator pumps. 

H. Wheeler has closely inte- 
grated circulator pump design with 
modern steam generating demands 
Pictured here is one of two vertical 
mixed flow circulating water pumps 
feeding Delaware River water to 
the new C. H. Wheeler Steam Con- 
denser. Capacity of each pump is 
86.500 GPM 


a Other modern C. H. Wheeler in- 


Bulletins mailed on request. 
Inquiries receive prompt attention 
Representatives in principal cities 


OF PHILADELPHIA 


Bidibe, & LEIGH, PHILA. 32, caveneens 


. " 
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Walworth’s NEW small cast steel valves 


SERIES 1500 — SIZES % to 2 inches 


handle ih temperatures 
I pressures 


Walworth is proud to make these new 
Small Cast Steel Valves available to 
power stations ... oil refineries... 
ships... wherever piping is subject to 
severe pressures and temperatures. 
Non-shock service ratings of these 
1500 psi—950F for steam; 


valves: 
3600 psi—100F for water, oil or gas. 
Cast of chromium molybdenum steel, 
they are compact and light, yet ex- 
ceptionally strong. Both Y-Globe and 
Angle type valves are available. 


Angle Valves: 


No. 5587 
Socket Weld End 


No. 5586— 
Screwed End 


DISTRIBUTORS IN 
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PRINCIPAL 


Y-Globe Valves 
No. 5585—Socket Weld Ends 


No. 5584—Screwed Ends 


Simplified Walworth design eliminates many of the valve prob- 
lems encountered in high pressure service. Among the features 
of this new valve are: 

INTEGRAL BODY AND YOKE — made from a single casting without 
threading or welding. Bonnet joint always a potential source of 
leakage is eliminated. Valves can be reassembled quickly and easily 
ROTATING DISC 
age. Cuts down replacements. 

WELDED SEAT RING — compensates for changes in pressure and temper- 
ature—eliminates a major source of leakage. 

SPECIAL BACK SEAT BUSHING 
pressure with greater safety. 
PACKING CHAMBER — designed to dissipate heat thus keeping packing 
rings at lower temperatures—gives them longer life 

These valves are available with either socket weld ends or 
screwed ends, in sizes ranging from 14 to 2 inches. For further 
information on Walworth series 1500 Small Cast Steel Valves, 
see your local Walworth distributor, or write for Circular 
No. 134. 


WALWORTH 


valves e fittings ¢ pipe wrenches 
60 EAST 42nd STREET, NEW YORK 17, N. Y. 


prevents valve seat distortion and consequent leak- 


permits repacking the valve under 


CENTERS THROUGHOUT THE WORLD 


5 





Le 4d 2 
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meee OUNCIIUG... the new 


-OPES-VULCAN 
VALVES 





. with new versatility 
. with new broader application 
... With new attractive appearance 


Tae NEW HIGH-QUALITY Copes-Vulcan valves offer simplified designs and 
can handle any application at unlimited pressures for pipe sizes up to 16-inch. 
They have all the rugged dependability typical of Copes-Vulcan products. As 
always, they will be custom-designed with ports exactly suited to individual 
operating conditions. 
NEW VERSATILITY IN DIAPHRAGM-TYPE, CV-D 

You can now assure yourself of unsur- fins and lubricator for stuffing box that 
passed Copes-Vulcan quality in valves will maintain low friction over a longer 
for operation at unlimited pressures packing life . . . a top or side-mounted 
You may have either direct or reverse hand wheel to permit emergency opera- 
action. Rangeability is high tion . . . Auto-lock to hold the valve in 

Optional features include: Cooling its last position, should control air fail 


NEW SIMPLICITY IN PISTON-TYPE, CV-P 

This is the high-duty Copes-Vulcan you need extremely precise positioning 
valve—simplified in appearance and de- . where you want the finest valve that 
sign, but retaining the superb operating money can buy. 

characteristics that have made former You can get this new Type CV-P 
Copes valves so outstanding Valve for pipe sizes up to 16-inch, for 

It is the new Type CV-P, for applica- unlimited pressures 

tion where you need the ultimate in Rangeability is high. Response can 
valve-operating force . . . more than is be characterized to meet your operating 
available from a diaphragm . . . where requirements 


Write, or get in touch with your Copes-Vulcan man for complete information. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


Erie 4, Pennsylys inia 
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What’s the big idea 
buying several kinds 
of coal for our 
steam plants? 





It’s a good idea. The kind of coal that burns 
most economically in the old boilers isn’t 
efficient for the new ones. 


How do you know 
you re right? 





Look at the coal bills. We are generating 
more steam at a lower fuel cost. You can tell 
from the ashes we are getting more complete 
combustion, and there’s less clinkering. 


Where did you 
get this idea, anyway? 





From the C&O Coal Department. They 
convinced us that different types of burning 
equipment need different types of coal. From 
the high quality coal produced on the C & O, 
we selected the quality and size of coal that 
works best in our particular installations. 


There's a lot more to buying coal! than 
the cost per million BTU. Why not con 
tect cool producers on the C&O to 
solve your particular fuel requirements, 
or write to: R. C. Riedinger, General “ 
Coal Treffic Manager Chesepecke & WORLD'S LARGEST CARRIER , OF BITUMINOUS COAL 
Ohio Railway Co., Terminal Tower, \ a 

Cleveland *, Ohio, for the assistance of nN 

o C&O fuel service engineer 
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A 
New, Better Coagulant 


nALCO 
500 


POLYELECTROLYTE 


@ As 2 coagulant in water clarification, and undef 
many process coagulation conditions, and different 
Nalco 600 has shown such great both ia 
perfe yrmance and economy character t has now 
been made available for general use tablished 
member of the Nalco family of chemical aids to industry: 


Extremely difficult coagulation conditions provide 
especially economical ap lications for Nalco 600. 
Ic can be used alone or inc ion with other 
coagulants- ry low do > talco 600 usually 
permits as muc re dosage of alum, 
activated silica, iroo sulfate OF clay tyP® treatments --* 


and results 10 4 cleaner; clearer supernatant liquid. 


Nalco 600 was invented 19 the Nalco Laboratories, 
and is being manufactured only by Nalco- For complete 
data on Nalco 600, and expert technical assistance 
to solve your clarification and coagulation problems, 


call N alco now- 


NATIONAL ALUMINATE coRPORATION 
Telephone POrtsmovt 
6234 West S6th Ploce . 
IN CANADA Aichem Limited Burlington", 
ORTHWESTERN UNITED STATES HAWAII ond ALASKA 
The Flox Compony: Inc., minneopols 3, Minnesote 
jTALY Nalco Italians, $.p.A SPAIN Nalco Espanola, S.A. 
west GERMANY Deutsche Nalco-Chemie GmbH 





® Alum plus 
Nalco 600 


PRODUCT 
a Serving 
Applied Science 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
famous 


ard 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


trolled system and in addition, when high pres 
sures require a reduction in pressure at each 
individual element this Balanced valve unit 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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UNIT TANDEM 


rugged blow-off valves 
for high pressure boilers 





HARD-SEAT—SEATLESS COMBINATION 


@ For boilers up to 1500 psi, this Yarway Unit 
Tandem Blow-Off Valve offers the maximum in 
dependable service. A one-piece forged steel block 
serves as the common body for the Yarway Stellite 
Hard-seat blowing valve and the Yarway Seatless 
sealing valve. All interconnecting flanges, bolts and 
gaskets are eliminated. The Unit Tandem at right is 
sectioned through Seatless Valve to show balanced 
sliding plunger in open position and free flow. 


HARD-SEAT—HARD-SEAT COMBINATION 


®@ For boilers to 2500 psi, this is the valve to use— 
Yarway’s Unit Tandem Hard-seat— Hard-seat com- 
bination. Disc has welded-in stellite facing and inlet 
nozzle has integral welded-in heavy stellite seat, 
providing smooth, hard-wearing surface. 


OVER 4 OUT OF 5S 
HIGH PRESSURE PLANTS 
USE YARWAY BLOW-OFF VALVES 


Write for Yarway Catalog B-434 


YARNALL-WARING COMPANY 
100 Mermaid Ave., Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 


WAY BLOW-OFF VALVES 
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ting unit adds 30,000 kw: raises system capacity of Central Illinois 


Demand tops 100,000 kw mark 


Ameri ar 
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Central Illinois Electric and Gas Co. puts new 
generating unit on the line to meet area needs; 
relies on American Blower Mechanical Draft Fans. 


r ¢ 


Like the Central Illinois Electric 


CSS] nves 


t requiret 
sed to give 4 full facts on our Mechanical 
. Fly Ash Precipitators, Heavy Duty Steam 
feed-pump and fan 


call 
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AMERICAN BLOWER PRODUCTS 
SERVE AMERICA’S POWER NEEDS 


American 


Blower 


reports on progress 


in power 


Mechanical Draft Fans for forced 
and induced draft. 


Gyrol Fluid Drives for boiler feed- 
pump and fan control. 


be p 


Heavy duty steam coils for 
high-pressure duty. 


Collectors and precipitators for 
dust and fly ash control. 


Blower Forced Draft Fan has capacity 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICH. @ CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of Amenican - Standard 


AMERICAN © BLOWER 
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This new Metermax Combustion Con- 
trol Master gives precise boiler control 
for maximum energy conversion effi- 
ciency. It employs the highly flexible 
L&N Pneumatic Control Unit, popular 
in a variety of industrial applications 



































Lot this ‘eost-coutciout” brain 


HELP SOLVE YOUR COMBUSTION CONTROL PROBLEMS 


@ The widely-used Metermax Combustion Control 
now features this new Master Controller which 
gives you precise, stable boiler control over a wide 
load range. Because of its unitized design this 
Master coordinates the three fundamental control 
actions. Thus, you're assured of a precise blending 
of: proportional action to meet boiler load changes, 
reset action to maintain a constant steam pressure 
at all loads, and rate action to gear response to the 
speed and intensity of load swings. 

You get wide-range stability because the Master 
automatically “modulates” its own response as 
boiler load decreases to reduce control action at 
low loads for maximum stability. Your propor- 
tional, reset, and rate settings, once made to meet 
a given boiler load condition, are correct for all 
loads automatically. You need not change or 
compromise your initial settings. These settings 
are easy to make, with an independent, calibrated 
dial for each action 

Boiler operators find this Master easy to work 
with. First, they can transfer to automatic quickly, 
because they can balance it to existing boiler con 
ditions simply by turning a single, panel-mounted 


knob. The transfer is “bumpless,” there’s no boiler 
upset . . . no operator attention is needed after 
transfer. Second, operators get instant action from 
the Master because there are no long control tub- 
ing runs. Control circuits are electric all the way 
from the control room to the “control center” where 
the Master and the individual Metermax Control- 
lers are located. This, plus electric transmission to 
the electric drive units, provides instant response 
And third, the Master adjusts itself as load de- 
creases, for low-load stability, thus relieving the 
operators of this additional duty 

Precise control . . . wide-range stability . . . fast 
response ease of operation. That sums up what 
you can expect of Metermax Combustion Control 


For more information on this Metermax Mas- 
ter, write to Leeds & Northrup Company, 4972 
Stenton Ave., Philadelphia 44, Pa 


mT 


instruments Gutomatic controls « furnaces 
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ALLIS-CHALMERS COAL HANDLING EQUIPMENT 


by your Allis-Chalmers dealer 





When you invest in Allis-Chaln.ers equipment, you are get 
ting far more than just a modern machine. Your dealer cffers 
you the opportunity to do a better job at lower cost. He 
wants your equipment to give A-1 performance day in and 
day out. His reputation depends on it. 

That’s why your Allis-Chalmers dealer puts so much im 
portance on good preventive maintenance practices 
encourages you to take full advantage of his modern servicing 
facilities. 





You're always sure of 


from your Allis-Chalmers dealer 


Parts made in the same factory, to the same 
rigid specifications as original equipment, are 
your assurance of getting top performance and 
long life. Treated, packaged and sealed against 
rust and dust, True Original Parts are stocked 
in quantity by each dealer to give you quick 
service close to your job 





IN THE SHOP 


Specialized facilities include factory- 
approved tools and all necessary equipment 
for complete service. Factory-approved 
methods are used to save you time and 
money, assure finest workmanship. 


ON THE JOB 


Factory-trained servicemen are ready to 
help you, day or night. Their technical 
know-how and practical experience get the 
job finished fast . . . at lowest possible cost 
to you. 


And you can have 
confidence in his 





ALLIS-CHALMERS, CONSTRUCTION MACHINERY DIVISION, MILWAUKEE 1, WISCONSIN 


You can depend on your 7 _ —— 
Allis-Chalmers dealer - ALS : : fhe % 
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ANOTHER COMBUSTION “FIRST” 
1935 « 


sw the completion of the first 
y boiler to be erected with pre 
fabricoted furnoce wall panels Cromby 

n, Philadelphia Electric Company 








eeeas revealed by 1955 orders 
for C-E UTILITY BOILERS 


Orders placed for C-E Utility Boilers in 1955 were of such volume and 
diversity as to provide a comprehensive picture of present-day practices 
and trends in the power field. The total capacity represented by these 
orders was more than 


7,000,000 kilowatts 


Reheat boilers accounted for over 90 per cent of this capacity. Since the 
use of reheat has become almost universal practice with respect to medium 
size and larger units, the following comments on trends are based on orders 
for reheat boilers only. 


UNIT CAPACITIES — Bigger turbine-generators continue to be the order of the day. Average 
capacity is about 148,000 kw. Eight units are rated at 200,000 kw or higher, the two 
largest being 325,000 kw. 


STEAM PRESSURES — Most notable trend is growing adoption of 2400-lb range. Twelve units, 
representing 31% of the capacity, are in this category. 1955 orders also included one 
supercritical pressure unit — 3500 psi. Units from 2000 psi up represent nearly 60% 
of the capacity. 


STEAM TEMPERATURES — Almost 45% of the units will have primary steam temperature of 
1050 F and one unit will be designed for 1100 F. These units account for 55% of the 
capacity. 


CONTROLLED CIRCULATION — Continuing its dominant position in the high pressure field, C-E 
Controlled Circulation designs accounted for 73% of all C-E reheat capacity ordered last 
year and 100% of the capacity for pressures from 2000 psi up. 


FIRING— 87% of the capacity will be fired by C-E Tilting Tangential Burners. Coal stays 
well out in front as the No. 1 utility fuel, being specified as the primary or exclusive fuel 
for nearly 75% of the units. However, virtually all these units, whether the primary fuel 
be coal, oil or gas, will be designed for easy convertibility to the use of other fuels 


DUAL FURNACES— Completely separated furnaces will be used for 20% of the units, includ 
ing all units from 200,000 kw up. (Nine C-E dual furnace units are now in service and six 
more, ordered prior to 1955, are in process. ) 


COMBUSTION ENGINEERING 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N.Y 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH ORYING SYS 
TEMS; PRESSURE VESSELS; HOME HEATING AND COOLING UNITS; DOMESTIC WATER HEATERS; SOIL PIPE 
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70 Years ago we used ads like this to tell buyers about 
Bell & Zoller Coal. We've done a lot of growing—and made a lot of changes since then. 
® But one thing hasn't changed—the famous free-burning, jow ash, high heat-producing 
quality of Bell & Zoller products. ® The proudest statement we can make on our 7Oth 
Anniversary is the same one we could make in 1886: Superb Quality Coal, We Mine It— 
ZEIGLER, MOSS HILL, ORIOLE, MURDOCK, LIBERTY SMOKELESS, BUCKHORN, 
SPARTA...and you can get it today through your nearest Bell & Zoller office. 


me Coal Company 


| Cleveland * New York « St. Louis ¢ Minneapolis 
Omaha ¢ Milwaukee « Louisville * Washington, D.C. 
Terre Haute, ind. « Mount Hope, W.Va. 


BELL BUILDING, CHICAGO 1, ILLINOIS 
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These three stainless- 
clad steel coal chutes at 
Potomac Edison's Smith 
Station have provided 


The R. Paul Smith Station of the Potomac Edison Co., 
at Williamsport, Md., had experienced considerable 
hangup trouble due to wet coal. Now they find that 
“wet coal flows much better over stainless-clad steel 
than it did over carbon steel. This is a great factor in 
our Stainless-clad equipment installed to 
date includes three coal chutes and one 36! coal pipe. 
These four units have averaged 3 years of service with 
practically no stoppage of coal flow. Clad steel’s satis- 
factory performance has resulted in Smith Station’s 
planning to replace carbon steel equipment as it wears 


using it.” 


out with stainless-clad steel. 

Consistent economy is the major reason why clad is 
repeatedly chosen for replacement and original instal- 
lation service. This economy results directly from clad 
steel’s built-in qualities—a layer of stainless steel in- 
tegrally and permanently bonded to strong, low-cost 





LU 


trouble-free 
2, 2% and 3% 


respectivel) 


carbon steel backing plate. This combination provides 
lower initial cost than solid high-alloy plate, yet pro- 
vides the same long-term, maintenance-free protection. 
Clad has repeatedly demonstrated its ability to provide 
as much as 10 years’ service without any measurable 
loss of gage. With hard use clad steel develops smooth, 
mirror-like finish that means free coal flow. 

For detailed information on stainless-clad stee!’s ex- 
ceptional performance in coal handling service, write 
for Bulletin 740. Lukens Technical Service Department 
is available to work with your builders and engineers 
to put clad to work for you. In addition we will supply 
the names of qualified equipment builders who are 
experienced with your problems. Write to the Man- 
ager, Marketing Service, 684 Lukens Building, Lukens 
Steel Company, Coatesville, Pennsylvania 


Kk} STAINLESS-CLAD STEELS 


service for 
years 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 


PRODUCER OF THE 
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WIDEST RANGE OF TYPES AND SIZES OF 


CLAD STEELS AVAILABLE ANY WHEGE 


19 
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nanos both 


precipitator or ; combination 





precipitator tor fly ash recovery de- 
size and composition of the fly ash, 


iwailable for the equipment, initial 


r your fly ash problem you can be sure of unbiased 
lations from Research-Cottrell, because we offer 


ind have done so for many vears 


taway drawings on the next page show several de- 
ires of both the straight Cottrell precipitator and 


ymmbination mechanical-electrical precipitator offered 


us well as Research-Cottrell’s custom 
ring of each installation, are backed by over 40 
perience and over 500 fly ash collectors. For more 


details on this equipment write for Bulletins GB and FA 


Pree ipitator is designed and constructed for many years of 


heavy-duty all-weather service 


RESEARCH-COTTRELL,INC. 


A Wholly Owned Subsidiary of Research Corporation 


Mein Office and Plant: Bound Brook, N. J. © 405 Lexington Ave., New York 17, N. Y. © Grant Building, 
Pittsburgh 19, Pa. © 228 N. La Salle St., Chicago 1, ill. © 111 Sutter Bidg., San Francisco 4, Cal. 

















Ei Continuous, automatic dis- 
charge electrode rapping insures 
optimum performance. 


Ed Hook-type collecting electrode 
hangers, quickly installed, 
insure uniform distribution of 
rapper vibration throughout 
entire collecting surface. 


Se , Eq} Rapping puffs prevented by 
Chae Vict he : Ae automatic and continuous 


cleaning of collecting electrodes 


PRECIPITATOR _. ge) seg Vay 4 with Magnetic Impulse Rapper 


(patents pending). 
CyPiumb-bob discharge elec- 
trodes are individually weighted 


and positioned by a steadying 
frame for maximum efficiency. 


EqHopper baffle prevents gas 
sneakage around electrodes. 














COMBINATION 
MECHANICAL- 
ELECTRICAL 





DEasy access to high tension 
equipment. 


EANo moving parts in gas stream— —__ me. : by 
minimizes maintenance. ree Tee 
[J End and intermediate baffles ——_ | j 
provide quiescent zones and pe J % 


prevent re-entrainment of col- 
lected dust. 


E]Ccompact double-deck mechan- 
ical collector (patented) provides 
large capacity in a small area. 


ae 
& "5 
[)Double-deck mechanical col- rk ~ the 


lector design insures even gas 


distribution at precipitator inlet. a 











TESS AOL: 
field 
engineers 
assure you 
of 

ee LLL: 
return 


on your 


preheater 


investment 


Preheater Corporation field engineer aims to visit your 
ation at least once a year. It’s his job to give you the help 
and advice you need to assure you of maximum return.on your 


Ljungstrom Air Preheater investment 


This field service is another factor in making the Ljungstrom 
the most economical heating surface on the modern boiler. And 
it helps explain why 7 out of 10 modern preheater installations 
are Liungstroms 

Get all the details on the Liungstrom Air Preheater 

Filel MaslellalielisMall*lal-taeelell tae dalla ala +3 why i 
eaning and maintenance. Y find all the details 
new, 38-page reference manua Liungstrom Air Preheaters 


Write for your free copy, today! 


Advantages of the 
Liungstrom Air Preheoter 


© Size for size, recovers more heot than any other type 

Me ee a ee ee a 
ond reliability 
Eliminates cold spots keeps corrosion’ to 
Easier, faster to clean and mointoin 


Me MM al erected 
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John Strange Paper 


Company increases 
output and cuts 
costs burning coal 
the modern way 


eam and electric power represents a considerable 
percentage of overall costs in paper mill production 
Cross sectior In addition to this cost problem, the power plant of 


leet. Coal bunker of 
gle = the John Strange Paper Co., Menasha, Wis., lacked 


sufficient capacity to meet the mill's demand for 


acts you should y steam and power 
know about coal | ’ I In an effort to trim costs and increase capacity, the 


company called in the consulting firm of Cummins 


strial areas, bitu- 
& Barnard, Inc., Ann Arbor, Mich., to recommend 


the lowest-cost , , ; 
a modernization program. Based on those recom 
* Up-to-date rc 
‘ mendations, today John Strange burns coal in highly 
equipment can 5 

~~ { efficient steam-generating equipment. The remodel 
to 40% more 

\ , ed installation includes completely modern coal- 

ar ° Automatic > handling and pneumatic ash-handling equipment as 
handling systems do ut well as two automatic control systems. Costs have 
abor cost to a Tf ae ‘ y : been curtailed; steam and power supply is depend 
able. Most important, the mill machinery operates 


at higher speed, resulting in a 10 increase in 


s the safest fuel 


se * No smoke or 
production. 


s when coal is burn- 
For further information or additional case his- 
cas vast cog! re- ‘ ° 

tories showing how other plants have saved money 


nechanized coal 
burning coal, write to the address below. 


RRA NE | ANTS 


nethods, you can 





NATIONAL COAL ASSOCIATION 
Southern Building, Washington 5, D. ¢ 


being plentiful 


naining stable 
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New Plant or Expansion of Old One 


How well you engineer your plant services may determine whether 
you get continuous production or operation like a paralytic centipede. 
Water for steam generation, for cooling, for use in process—and water 


leaving the new plant 


can be designed to be the least of your troubles. 


But the best time to listen to someone who knows how to make water 
behave is while you are still in the planning stage. 


It’s Cold Out There! 


Frequent subzero weather with 
temperatures as low as —45 at the 
site of a proposed new plant in 
Minnesota was an important factor 
in the choice of a heating system by 
a large mining company planning to 
process iron from taconite. Space 
heating constituted about ninety per- 
cent of the load. Buildings to be 
heated were widely scattered over a 
large area. 

When a high-pressure hot-water 
heating system was decided upon, 
water treatment had to be consid- 


ered from two angles: protection of 


the boilers and protection of the heat- 
ing system. Hall Laboratories was 
invited to study the raw water avail- 
able and to recommend treatment. 

Water could be obtained from 
either of two intakes from the sur- 
face supply; samples from both were 
analyzed. The types of metal used 
in construction of the heating system 
were determined, zeolite softening 
and deaeration of makeup, chemical 
conditioning and proportional chemi- 
cal feeding facilities were thoroughly 
discussed in a survey report by Jack 
Summerville, Hall staff engineer 
After completion of the survey re- 
port, it was learned that well water 
might have to be used temporarily 
because of delay in completion of the 
surface supply pipe line. Because the 
well water does not have as desirable 
a composition as the surface water, 
Hall urged that the pipe line be com- 
pleted as quickly as possible and 
recommended that the well water be 
zeolite softened even though regen- 


Water is your industry's most im- 
portant raw material. Use it wisely. 


erations would be much more 
frequent. 

The boilers have now been boiled 
out and, on Hall’s recommendation, 
acid cleaned to insure thorough clean- 
liness of the heater surfaces. The 
plant is beginning operation. 


Faith Justified 
By Performance 


When an Eastern paper specialty 
manufacturer decided to build a new 
plant in California, the chief engi- 
neer wrote: “In dealing with the 
problem of water supply, water treat- 
ment, and so forth, we felt it desir- 
able to call in Hall Laboratories, 
not only because of the past rela- 
tions which have existed for so many 
years, but because we intend to 
retain Hall Laboratories as consul- 
tants for our California plant.”’ 

To start the survey, Hutcheson 
Page, of Hall’s New York office, 
conferred with the plant manage- 
ment about the purchase of their 
boiler. After extensive checking of 
specific requirements, a_ factory- 
assembled, water-tube boiler was 
ordered. 

Hall Laboratories already had ex- 
perience with the water in the chosen 
locality in California. This provided 
a sound basis for recommending the 
proper pretreating equipment. 

Because of the potential cost of 
water supplied from a city aqueduct, 
the plant wished to use water from 
its own wells. Hall recommended 
pretreatment equipment flexible 
enough so that it could properly pre- 
pare any of the various waters avail- 





NUMBER 1 
able for future use in any standard 
type of boiler operating at 250 psi. 
A salt regenerated cation-anion ex- 
change system was suggested and 
accepted. 

The plant also has followed other 
recommendations made by Hall for 
internal boiler-water treatment as 
well as treatment of steam by Haga- 
min.® A recent service report from 
Hall field engineer Orville Morrow 
states that the plant is maintaining 
very good treatment control. 


South of the Border 


Hall Laboratories pursues the 
“Good Neighbor”’ policy by helping 
many clients in South America and 
the West Indies on a consulting as 
well as on a continuing service basis. 

A client in Maracaibo planned to 
install an additional boiler plant ad- 
jacent to the one already serviced by 
Hall Laboratories. Hall helped the 
plant select evaporator feedwater 
pretreating equipment, chemical feed 
pumps, pH meters, and helped plan 
the laboratory layout prior to start- 
up. Then Jack Summerville of the 
Hall headquarters staff made a trip 
to Maracaibo to help start opera- 
tions, with special! attention to their 
hot lime-gypsum reactor, pressure 
filters, hot zeolite softener, evapo- 
rators, and the treatment of their 
feedwater-condensate and boiler- 
water systems. 

Continuing satisfactory condi- 
tions have been maintained by cor- 
respondence between the plant and 
Pittsburgh headquarters, supple- 
mented by an annual consulting trip 
by Hall staff engineer, Alex Henricks 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers’’ to 
industrial water problems. For infor- 
mation write, wire or call Hall Lab- 
oratories, Inc., Hagan Building, 
Pittsburgh 30, Pa. 


Hall Laboratories, Inc.—Consultants on Procurement, Treatment, Use and Disposal of Industrial Water 
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FLUID CONE: Devetopmene in Petroteun 


Refining Produces Valuable New Fuel 


A relative newcomer to the power field, fluid 
coke seems destined to attain prominence in a 
short time. Although used in the charge of a 
by-product coking oven, and for various metal- 
lurgical processes, etc., fluid coke will find its 


principal use as a combustion material. 


What is fluid coke? Fluid coke is a product of a 
new refining process developed and patented by 
the Esso Research and Engineering Company, a 
process which produces a high yield of gas-oil, 
which can be cracked to high octane gas, and a 
relatively low yield of coke. The coke itself differs 
greatly from regular petroleum coke. Particles are 
small, like fine sand. The particles pour freely, 
and are clean in comparison with other coke. Fluid 
coke burns with a minimum of ash. Even allowing 
for an extra high ratio of unburned carbon, up to 
20°00, heat output is comparable to that of coal of 
about 14,000 B.t.u./Ib. Auxiliary fuel such as oil 
or high volatile coal must be used to bring coke 
up to ignition temperature and maintain a reg- 


ular tlame. 


How much fluid coke is being produced? Present 
capacity of refineries is only 350 tons per day. 
However, total capacity of all plants now in the 
building or planning stage will run about 2,500 
tons per day, or about 4 of the production of 
petroleum coke in this country. All companies are 


producing the coke under license from Esso. 


Who is using fluid coke? First boiler installation 
designed to use fluid coke as a primary fuel will 
be the Delaware Power & Light Company plant 
at Delaware City, Delaware. Coke will come from 


the refinery built by Tide Water Associated Oil 


Company. Another eastern utility has provided 
an outlet for the production of Esso’s Baltimore 
refinery. Other utilities and industrial power 
installations will follow suit as production of the 


coke increases. 


A small free sample of the fluid coke is available — 
simply write to the address listed below. 


Plants which will use fluid coke as commercial fuel in 
clude the new Delaware City Power Station of Delaware 
Power & Light Company. This plant will serve the neu 
Tide Water Associated Delaware Flying —A— Refinery 
now under construction 15 miles south of Wilmington 
with C. F. Braun & Co. as engineers and contractors. 
Stock Equipment Company is proud to announce that 
pecially-designed S-E-Co. Valves and Scales, like the 
ones pictured above, will be used to weigh coke as it 


es to the pulverizer 


STOCK Equipment Company 
745-C HANNA BLDG., CLEVELAND 15, OHIO 
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Bailey Recorder for receiving pneumatic and electric signals. x 
i #90 Combustip, 


los 
| ©Ombustio, 


+ conductivity = 


Pick any four, [density 


s d ems 
plugin,andrecord (|< — 
{liquid level ~ 


oy 
lf OXyYgen 
[PH —_ 


permit new combinations almost at will. | POSition 


Here is a receiver recorder. custom-built by you to meet your needs, 
no matter how changeable, how complex. On a single chart you can 


record any four measured variables—and interchangeable receivers 


Individual plug-in pneumatic or electronic receivers—and corre- | Pressure 
sponding integrators — are interchangeable in the four identical ratio -——— 
frame slots. You can select any combination: even including two — 
~ Ss a 
Smoke density 
: : ; tie SPecifj _— 
Think what this can mean to you! Parts inventories are minimized: t—— —K gravity 


re-use of components keeps instrumentation costs economically low 


receivers and their two integrators. 


when cycle changes are frequent— and you can even tie in with 


your existing transmitters. 


isk for Product Specification £:12-5. 





z ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


© Pre-calibrated plug-in receiver units 
@ Up te four pneumatic or electronic receivers 
—or two receivers and two integrators 


® Any four variables on one chart—easily 


cond ond tntenweted 1025 IVANHOE ROAD 
© A full year's ink supply at one loading 


© Faster ordering—from stock 
@ Minimum inventory of parts 


@ Minimum instrument investment for process 
cycle expansion or alteration 
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“DESIGN OF PIPING SYSTEMS” 
(Second Edition) 


CONTENTS 


« Strength and Failure of Ma~.-o's 

* Design Assumptions, St-- .s "valuation, and 
Design Limits 

« Local Components 

« Simplified Methods 

« Flexibility Analys’> -) the General 
Analytical Met: > i 


« Flexibility Ana!...s oy Model Test 


:~. 'lexibility Analysis 


« Approaches f->. x .ducing Expansion Effects: 
Expansio’. . >i its 

« Supportin.. Re straining, and Bracing the 
Pipin~ ./s.em 


¢ Vibro'...): Prevention and Control 
« History snd Derivation of Piping 
“ey ibility Analysis 
+ Der’ vation of Acoustic Vibration Formulas 


« Cuarts and Tables 


As temperatures and pressures increase in steam-electric power 
plants, the problems involved in designing, engineering, and fabri- 
cating main and reheat steam piping multiply themselves many 
times over. This emphasizes, more than ever, the value of the long 
experience, in the laboratory and on the job, of The M. W. Kellogg 
Company —leader in the power piping field. 
More e\ 


experience 


lence of M. W. Kellogg’s accumulated piping design 
and ability to tackle each new power piping project in 
its stride, is the company’s new 400-page book, “Design of Piping 


Systems’ 


published early this year by John Wiley & Sons. The 


most comprehensive work ever made available publicly on the 


physical! design of piping, it is one of the many ways M. W. Kellogg 
cooperates with consulting engineers, engineers of power gener- 
ating companies, and manufacturers of boilers, turbines, and allied 


equipment yutline of contents is shown above. 


FABRICATED PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY, 225 BROADWAY, NEW YORK 7, N. Y. 


The Can any, Ltd., Tor Ke Intern nal Corpor 


(PORATED 


tron, London 








M. W. KELLOGG’S 


DESIGN 


EXPERIENCE 


KEEPS PACE 


You can be sure of getting your copy of this limited edition 
of “Design of Piping Systems” by writing now to M. W. 
Kellogg, asking to be notified as soon as the book is avail- 
“Piping 
Kellogg's 


able. Ask also for the new, free, 12-page booklet, 
Flexibility Analysis,"” which shows how M. W 
various flexibility analyses techniques can cut piping design 


and construction costs 


POWER PIPING-THE VITAL LIN K 
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ROANOKE 

Naw al Trait 

Telephone 4-145! 
Ext 42 


Roanoke |7 


BOSTON 
833 Chamber 

mmerce Building 
Telephone Liberty 2-2229 
Boston Massachusetts 


CHICAGO 
Room 604 
208 South LaSaile Street 
Telephone RAndolph 6-4634 
hicego 4, Llinois 


CINCINNATI 
908 Dixie Terminal Building 
Telephone DUnbear | -1325 


naneti 2, Oh 


CLEVELAND 

1819 Union mmerce Bui 

Telephone MAin 7960 
eveland 14, Oh 


DETROIT 
1907 Book Building 
Telephone 

WOocodward 1-2340 or 
Detroit 26, Michigan 


ST. LOUIS 
Room 12 1218 
Telephone MA 

St. Louis 3, Missouri 


WINSTON-SALEM 
1105 Reynolds Building 
Telephone 7116 


Winston-Salem |, North Caroline 





whether for heat, power 
or special purpose 


Competent coal counseling service 
is available to you, without obligation. 
The men who staff the N&W coal 
bureaus have had years of experience 
with the utilization of coal, and they 
are well qualified to discuss your 
problems with you. They will be glad 
to tell you all about high-quality Fuel 
Satisfaction* and how it can meet your 
specific requirements more efficiently 
and economically. Feel free to contact 
the bureau nearest you for dependable 
advice on the selection, transportation 
and utilization of the right coal for 


your purpose. 


and 
RAILWAY 


*Fuel Satisfaction is the name given all brands of 
superior Bituminous Coal mined along the N&W 
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HEATER 
EFFICIENCY 
RESTORED 


Chemical cleaning by Dowell removed 
scale from four feed-water heaters in 
less than one day. 


i scale had greatly reduced the 
ir feed-water heaters in a power plant. 
sked Dowell to clean the heaters in 


connections to permit circu- 
gh the complex tubing of all 
The heaters were cleaned in 
minal Temperature Differences, 


ifter cleaning, were greatly 





TERMINAL DIFFERENCE 
Before Cleaning After Cleaning 
16°F. 9'A °F. 
22°F F. 
22°F F 
26°F F 











t ire introduced through 
lismantling and do 


Moreover, solvents will go whe 


w ritime ire 


flow—cleaning all curves. angle 
down to the smallest tubing. 
equipment are cleaned while in 


Keep your plant operating at its best Call your near 
est Dowell office for full information on how chemical 
cleaning can se! 1. Or write Dowe lI Ine orpor ited, 
Tulsa 1, Oklahoma, De partment B-25 


chemical cleaning service for industry 


<a 


& SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 


s 











Before you buy any equipment for recovering fly ash... 


MULTICLONE’S 
Multiple Advantages 


Because the advantages of MULTICLONE are so clear-cut, so vitally 
important, so far-reaching in the savings they make, we urge you to make a 
factual unbiased comparison of Mutticione fly ash collection equipment 
against any other in the mechanical recovery field. Only by making such a 
comparison can you fully appreciate the major savings and greater perf orm- 
ance you get by installing Mutticvone Collectors! 


COMPARE Recovery Efficiency! COMPARE Space-Saving Compestaneet 


It is a recognized fact that the separating efficiency “ Plant space costs money—particularly at today’s high con- 
of a cyclonic tube increases as the tube diameter struction costs. Because the Mutrtictonge is more compact, 
decreases because smaller tubes generate greater size for size, it makes really important savings in space and 
centrifugal forces. The patented vane in the plant costs. Note in the chart how the Mutrictone requires 
Muttictone makes the use of small] tubes practical J substantially less space—both in floor space and cubic space 
without complicated manifolding and permits com- . —than any other 
pacting many small tubes into one simple, highly ; unit of compara- Tn 
efficient unit. Muttictone’s higher centrifugal forces . j ble capacity and Make in Ft. In Cu. Ft. 
throw out not only the large, medium and small . performance. This 
particles, but also an unusually high percentage of ; means vital sav- Collector A 18 
the extremely small particles of 10 microns and Dam ings in construc- 
less. Result—more complete recovery of all sus- bend tion costs! 

a 


c 
pended particies from the gas stream! 


COMPARE Dollar-Saving Adaptability! COMPARE All-Around Simplicity! 


Savings in space is just one of many ways MULTICLONES The Mutrictone is simple and inex- P 
reduces installation costs. Because the shape of the unit pensive to maintain because there are 
can be readily varied (long and narrow, short and wide, or no highspeed moving parts to repair 
square) to fit available spaces, the MuLtictong can often be or replace no pads or filters to 
tucked into odd corners and waste areas too restricted for clean or renew - nothing to choke 
other equipment the gas flow or increase draft losses 
Moreover, iniet-outlet ducts can be as suspended materials are recovered 
varied—side-inlet side-outlet, or side- - p> In addition, the square, flat-sided 
inlet top-outlet—to meet low headroom } | 7 shape of the Mutrictone and its 
or restricted side clearance require- ev Pu straight inlet and outlet ducts are far 
ments and the single-inlet single- N= N= simpler to install and insulate. And 
outlet duct design permits greater fiex- \v Ay since the recovered material from an 
ibility and simpler installation. These side inlet, Side inlet, eutize bank of tubes is collected in 8 
all add up to vital savings in installa- single hopper, it is much easier to serv- 
tion costs! Side outlet Top outlet ice and maintain than the multiple 
hoppers of conventional cyclone units 
Here again, the MULTICLONE saves in 
many ways—all of them important/ 


¥ ¥ ¥ 


Conventional Cyclone 


Multicione 


Whether your recovery installation is in a new structure or for modernizing present 
equipment, you will be far ahead by installing MuuticLone Collectors. Our experienced engi- 
neers will gladly make helpful suggestions for simplifying your recovery problems. A letter, 
wire or call to our nearest office places this 
assistance at your service without obligation. 


WESTERN 


‘ y man IPMENT FOR 
Send for Helpful Literature! This factual ; : : Bae Casts @ LagUeeD 
MULTICLONE literature explains the basic principles Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
of cyclonic dust recovery and gives technical dato CHRYSLER NEW YORK ° 1N LASA TB HICAG 
helpful to anyone contemplating a dust or fly osh uv PITT ; . TREE N.E.. ATLANTA 5 
recovery installation. Write today for your free copy! BART 8 : : 
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Bartlett-Snow 


coal handling 








at WMeredosia, 


@ The illustration above shows the first 100,000 KW 
unit of a plant which is to be extended into a 200,000 


KW station. All coal handling equipment including the 
receiving and reclaiming hoppers and grillage, duplex 
feeder, conveyors, galleries, breaker screen and all sup- 
porting structures were fabricated in our shops, and 
installed by us, to Sargent and Lundy’s specifications. 
For maximum efficiency and fixed unit responsibility, let 
the Bartlett-Snow coal handling engineers, with their 
long experience and complete facilities, work with you 


on your next job. 


DESIGNERS 


$ 
ge® 
o\* 
er 


“Builders of Equipment for People You Know” 





- 


General View of Meredosia Power Station 
Central Illinois Public Service Co 
Sergent and Lundy 


Consulting Engineers 


Belt Conveyor in Tunnel 
Hendling Coal from Track Hopper 


Drive for Collector Belt Under Breaker 
the Refuse Belt and Automatic Sampler 








WHEN TO DEMAND THIS DYNAMIC SEAL 


and engineered to meet specific con- 


There’s a time to insist on Flexitallic 
Gaskets and this is it: 

(1) When fluids are confined in 
critical pressure/temperature 
ranges 
When flanged joints are sub- 
ject to thermal and physical 
shock, corrosion, vibration, 
weaving and _ unpredictable 
stresses 

Since 1912, Flexitallic has made only 
one product a Spiral-Wound Gas- 
ket, built on the original Flexitallic 
principle. It’s a uniquely resilient con- 
struction that compresses under the 
applied load, adjusts itself to changes 
in operating conditions without affect- 
ing gasket efficiency and then re- 


ditions. Spirally-wound V-crimped 
plies of required metal with alternat- 
ing plies of proper filler result in a 
resilient gasket having characteristics 
of a calibrated spring. 

Flexitallic Gaskets are at highest effi- 
ciency when bolted up cold at a pre- 
determined load. For all pressure/ 
temperature ranges from vacuum to 
10,000 Ibs., from extreme sub-zero to 
2000°F. For all standard joint assem- 
blies. In four thicknesses for special 
requirements: .125”, .175”, .250”, 
.285”. In diameters to 84” O.D. 


FLEXITALLIC GASKET CoO. 
8th & Bailey Sts, Camden 1, N. J. 


Representatives in principal cities 


PE FLANGES, PRESSURE VESSELS AND PROCE‘S }}QUIPMENT 


*Flexitallic is a registered trade.name. No one'else can make a Fiexital! 
lusive blue-dyed C€ 


Look for Flesitallic Blue—it'’s our ex 


Gasket 


anadian asbestos 
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Where Now in Engineering Manpower? 
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The Never-Ending Search for Energy 


Our attention called to the recent approval 
the House for 
1 survey on harnessing the 

the 
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by ind Senate i $3,000,000 expenditure 


for tides in the Bay of Fundy 
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Evaluation of Factors Affecting Heat 
Transfer in Furnaces 


By MURRAY GREYSON,} G. P. MAZIE,i J. W. MYERS, ** R. C. COREY, 77 
and E. G. GRAF it 


Correlating the heat-absorption effi- 
ciencies of coal-burning equipment has 
been studied for many years with little 
more than a modicum of success. One of 
the major problems to such correlation 
has been the lack of precise furnace data. 
This paper describes the attempt at using 
statistics to correlate more reliable furnace 
data by means of the Broido, Hudson- 
Orrok, a modified Hudson-Orrok, Wohlen- 
berg, and Hurvich correlations. Results 
suggest that information about flame 
ternperatures, flame volumes, and emis- 
sivities and temperatures of flames and 
slag-ash-covered boiler-tube walls are 
necessary before precise correlations can 
be made. 


HE ¢ 


i great 


of fuels in furnaces has been, and for 
to be, 
source of thermal energy for the production of ele 

Indeed, 


ombustion 


many years will continue the major 
tric power and for the processing of materials 
there are few commercial or industrial operations that 
do not employ some sort of furnace in either a primary or 
uuxiliary capacity Despite the long history of the us« 
ind development of furnaces, and their technological 


importance, furnace design still is highly empirical, owing 


to a lack of knowledge of the complex heat 
transfer processes that occur within a combustion cham 


ber 


and mass 


\s with any technology that depends heavily upon 
ire usually rare, 
onventional lines until 


empiricism, innovations and develop 
a high degree of 
Central-station boiler furnaces, 


in which some 25 per cent of the nation’s 


ments follow « 
pertec tion 1s achieved 
for example, 
coal production is burned to generate steam for turbo 
generators, have slowly evolved to a high degree of per 
fection by empirical means. It is highly improbable, 
however, that substantial improvements in dependability 
und performance, or reduction in capital and operating 
costs will come until there is better understanding of the 
heat-transfer 
ind the effects of 


within the 


nature of combustion and processes in 


und burning fuel beds, these 


heat 


flames 


processes on the net transier lurnact 


cavity 


In the past 25 years, a great deal of both theoretical 
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uM 


to elucidate the 
fundamental problems relat This 
work, however, has been hampered by the great diffi 
culty in isolating the individual processes that are re 
ind heat transfer, and by 


and experimental work has been done 
d to furnace design 


lated to combustion poor co 
ordination between combustion research and combustion 
engineering, especially from the standpoint of applying 
the results of the type research that is presently 
being done Moreover, the experimental procedures for 
nical properties ol flames and 
of unknown 
flames are 


radiant-heat 


measuring physical and che 


hot gases are difficult 1 subject to errors 


For where nonluminous 
calculate the 


furnace quit 


ex imple . 


origin 
concerned, it is possible t 
transfer to various parts of the iccurately, 
if the temperature, composition, and dimensions of the 
flame are known Radiation flame, 
however, is influenced by the presence of radiating par 


the effects of which are very difficult 


from a luminous 
ticles in the flame, 
to evaluate experimentally. Because of these difficulties, 
the amount of luminous flame radiation is generally 
approximated by computing the theoretical nonluminous 
component of the flame, and then multiplying it by a 
relatively large factor, the magnitude of which depends 
upon experience with the types of fuel and furnace being 
ilthough it 


is known that carbon and ash particles in a flame mark 


used This technique is necessary because, 


edly increase radiation from the flame and that size and 


concentration of the particles determine the contributions 
of the particles to the emissivity of the flame, information 
is meager, except for very simple systems, on mechanisms 
of particle formation, methods of characterizing the 
of particulate matter, and the 
radiation 


size and concentrations 
quantitative effects of these factors on the 
characteristics of clouds of particles 

Although it is generally believed that small-scale ex 
periments in connection with luminous-flame radiation 
cannot provide the dynamic similitude that is necessary 
for the generalized correlation of flame variables, es 
pecially with regard to the that 
affect the size and shape of flames and the amount of 
recirculation of spent gases, the optimum scale for ex 
perimental work is not known, and probably will not be 
known until data obtained fron 
furnaces of various sizes. Data from full-scale furnaces 


1erodynamic factors 


sufficient have been 


are of immediate practical value if they are sufficienth 
precise and comprehensive, and may be used to develop 
operating vari ibles 
Such re 


empirical relationships between the 
and the 
lationships, however, are necessarily limited in scope 
and do not achieve the ultimate objective in this field of 
research, that of relating flame radiation to heat absorp 


furnace heat-absorption efficiency 


tion by a general equation. Moreover, experiments on 


full-scale equipment are limited in the range of operating 


variables that can be studied, the number and location 
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l—Correlation of experimental heat-absorption effi- 


Fig 
ciencies by a Broido curve 
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2—Correlation of predicted efficiencies and experi- 
mentally determined efficiencies (Broido 


Fig 


e observations and measurements can be 
nstancy of operating conditions within 
interval Notwithstanding these diffi 


| limitations, full-scale experimentation is a1 


i give! 
ulties 1 

essential phase of research in this field 

lerable amount of experimental data has been 
1 wide variety of furnaces over a period of 

- nd 


5 id numerous empirical equations have 
sed to relate the heat-absorption efficiency 
the operating variables of that furnace, 
ge of excess air and heat-release rate 
lso been made to correlate these data by 
theoretical Stefan 
However, due to a lack of precision in 
f data, or to the 
these relationships have been found to be 
r describing the 


United States Bureau of 


equations as_ the 
inadequacies of the equa 


1948 
ver, the Mines, 
with the Special Research Committee on 


American Society 


data Between 


nance Factors, of the 
Engineers, published a series of papers cov 
f experimental studies made on five in 
furnaces (1—5)' the data from which were 
reliable than much of the 
studies included work on 
lidd 


spreader-stoker-fired 


previous 
three 

and 
Whiting 

1 were 


nore 
These 
pulverize fired (Paddy’s Run, Station, 
Willow Island), one 
1 furnace 
f evaluating the 
efficiencies of these furn Ir IDS, 
decided that before any further ex 
was done the data fron installa 
inalyzed to determine whether or not a 
rrelation of furnace 
btained in terms of the operating param 
Mine 


made 


iffecting the 
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tactors 


ices 
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ul 
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Accordingly, the Bureau of 
the lata to 
number of correlations that have 
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whether ar been 
l describe these 
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limitations of the data that, it is believed, can act as 
guides for future experimental work have become evident 

Mhis paper is, therefore, a progress report and will cover 
the work that has been completed to the present time 


examples of Previous Work 


Hudson, (6) in 1890, attempted to relate the heat trans 
mission in a furnace to the radiant-surface area, the 
rate at which the fuel ind the air-fuel 
ratio, and proposed the following empirical equation for 


the heat-absorption efficiency of the furnace 


was consumed, 


YF 


rate ol 


XY is the 


heat transmission per hour per square foot of radiant wall 


where yu is the heat-absorption efficiency 


surface, / 1s the available heat per pound of coal fired, 
F is the number of feet of radiant surface 
per pound of coal fired per hour, and A is the 


square wall 


ur-fuel 


weight ratio 
ind in 


Chis equation was not universally applicabk 


925 was modified by Orrok (7) as follows 


iv ¢ 


where uw, X, and QV are defined as before, 1 C, 1s the 
recipro¢ al of F 

At the same time that Orrok sugge 
modification of Hudson's equation, Broido 


mi the 


ted his empirical 
» presented 
in empiri il curve that was obtained fro iverage 
data of six boiler stations, and which related 
heat per unit area of radiant surface to the heat-absorp 


Broido claimed that most 


iy ulable 


tion efficiency of the furnace 


existing data could be fitted to the curve with a precision 


ot 2 ) per cent 
Hudson 


ibout 


Hudson 
Orrok and Broido techniques supplied information 
but gave no infor 


Empirical correlations such as the 
the overall performance of a furnace, 
iriables Suc h a 
cold-wall ten 


about flame emi 
flame 


volume 


mation operating 


sivities temperatures, perature 


More 


flame ind specific burning rates of fuel 


ver, the effects of ash and slag on the emissivity and 
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Fig. 3—Correlation of experimental heat-absorption effi- Fig. 4—Correlation of experimental heat absorption effi- 
ciency by a Hudson-Orrok equation ciency by a modified Hudson-Orrok equation 


m B/H in this equation is equal to C, in the 


i 
Orrok equation, equation (2 Hurvich showed 


id By were related by an equation 


Various 
irameters 
these investigators » apply where a 1 constant equal to 0.6 for coal-fired furnaces 


} 


juations to furnaces having sp Konoko mproved upon Hurvich's equation by 


ind to calculate the 
therencies for these issu 
determined furnace heat 
were then compared with th 
individual operating param 
rrections to the theoreti 
is functions of the level 
i series of 
I proper 
calculated tl icy, eT] possible t 


the heat-absorption effi y of real furnace , , 
iabatic flame nperature, 7) is the tempera 
equation used by len wr the application 


ne surface, is the flue-gas temperature 
rection I 5 | 


utlet, B is the fuel-consumption rate, | 
f flue gas per unit weight of fuel, C, is the 


the flue gas, Cy is the Stefan 


liant surface area ol 
wher of the firebox 
oe tix just a few ex umples of 
are Oe been made to correlate 


i t ce \ ty ) on Ty 
urna : , . - fur lorma i id operating parameters 
CAC selected to illustrate the variety of 
7 : 
efects I i I lave been used in this work It 1s 
bh of nd : ; ] ; h or - . : 
thereo! , a ‘o ' ufficient 1 here that the lack of precision of data 
perature ist has prevented a comprehensive 
beer franc : onrn lon : " ' 
Uther funda —_—" ' pplicability of most of these correla 
B i 11me! 
] 


Bureau of Mines of the 
where u is the furnace h bsorption ef! ney, Boi lata f he fi bo stations were divided into three 
modified Boltzmann numb B is the fu onsumptio1 parat tep he first ar wa n ied with 
rate, O is the heating value of the fuel, // vdiant h ne! orrelation of all of the d 1 group with 
wall area, C, is the overall emissivity of the « 101 inv one or all of fiv relation he Broido, the Hudson 
chamber, 7; is the adiabatic flame temperature, and is k modified Hudson-Orrok, th ohlenberg, 
the dimensionless ratio of the flue-gas temperatu ] th irvicl uatior In this pha imuited statists 
furnace outlet to the adiabatic flame temperatut techniqu re used ompa hea bsorption ef! 
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Fig 


5—Correlation of predicted efficiencies and experi- 
mentally determined efficiencies (Hudson-Orrok 


ncies that were determined experime ntally and those 


it were calculated or predicted from the proposed cor 
\ccordingly, it determine 

t the 
significant 
tl 


was possible to 
differences that observed were 
The statistical method that 
other analyses is illustrated in 


were 
, 
us and the 


ilysis was concerned with individual 
fitting the 
to these | 
etermining the significance of any differences 
LS€ rved 


ilculated 


ind consisted of experimental 


proposed e 


lividual stations qua 
between experimental elliciencies 


from the equations Chis phase 


ve necessary because in some instances the 


were very adequately described by in 
reas data from individual stations differed 
calculated by the 
ialysis was 

that 


ind individually by 


those equation 

an attempt to find a general 
data 
Chis phase 
ults of the 


would describe the furnace 


Station 


course, depended upon the re 


f the data correlation has been « 
1 from al! five stations have 
the Broido, Hudson-Orrok, modified 


Wohlenberg relationships In ad 


furnace hav 


peen 


the gas-fired been 
of estimated adiabatic flame tem 
Hurvich 


suggested by 


manner 


™ yssible t 


iS not | 


by means of the 
irable data on « 
lable However, 
ures are presently bei 


re a‘ uilable, the cr 
Re u 
he 96 furnace tests 


ng to Broido’s cur 
how better the rel 
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Fig. 6—Correlation of predicted efficiencies and experi- 
mentally determined efficiencies (Wohlenberg 


predicted and experimental efficiencies, the data 


check line inl 


points around the 


Satie 
Fig. 2 
line is characterized 
standard 
between 


have been replotted around a 

The spre id of 
by an difference « 0.0028 and 
deviation of 0.05455. If 


the predicted and experimental heat-ab 


average 
the aver ige difference 
ethcoen 


orption 


due to a random distnbution of 
ind this 


Student t-test, no 


cies is assumed to be 


experimental errors, iverage is compared with 


zero by means of the ignificant dif 


found between the predicted and 
Phe calculated t 
is equal to 0.9099, and compares favorably with 


i double 


}-per cent probability levels, 


lerence iS experi 


mentally-determined efliciencies value 
ilue 
table of 2.635 and 1.9SS per the 


from sided t 


ind respectively 


Phe 


ciencies are plotted in 


ibsorptior ell 


determined heat 
Fig 
Orrok equation the 
the « 


experimentally 


iccording to the Hudson 


curve obtained 
quatior n ; I ne data are 
Orrok 


wccording to equats 


fuel thousands 
ulable hea : foot of nt heatu 


thou 


which consumpt 
stu ol 
ind the air-fuel ratio 
ulable he il 


between 


Ssuriace, 
sand Btu of av 
The 
culated Hudsor 
} 


mental results are show: 


difference 


from the 


The 
0.00494, and a standard deviation 


line technique was used haracteru 
mean difference of 
The calculated 
d with table 


nt probability 


0.044 ilu 097, when com 


OSS for the 


pare ilu 


mificant difference between th 


sig 


xperimentally determined effliciencs 


ilculate 
the 


tation 





or the ind 5-per cent probability levels are 2.f 


US 


respective ly 


nilar analyses of data fr individual stations were 


<perimental data were compared with 
each of the three equations The 

in Table No significant differences 

d between Paddy's Run data, and the data 


Broido and Hudson-Orrok equations 


were y| ‘ 
ilculated from the 
used to describe the 
Woh 


Satisiactory tor 


ilso be 
it Sterlington Phe 
uation, h only 
the spreader-stoker data from Whiting On 
data from all 


hniques could 
the is-fired unit 


lenberg é wever, Was 
describing 
the whole, no one correlation described the 
of the 
Pidd 


tions were 


individually, and in two instances 


Island, 


stations taken 


Station and Willow none of the correla 
ulequate 

ind the 

flame 

n the gas-fired unit 

Hurvich equation 


The parameters of the plot 


both in 
used to 


Konokov 


temperatures, 


equations, 
were 
i frot it Sterlingtor 


plotted by a 


x 10~*, which have been defined in 
of the 
equal to 0/HC 


In both instances, 


the lata 


paper The parameter Rk 


which is a constant for the 
orrela 


ited 


very Satusiactory < 


were obtained, despite the estim 


mperatures that were used 


ry, - j ° 
LA isston Gnd Conciuston 


\s demonstrated by the Sterlington data, the correla 
tion of furnace data from clean-walled combustion cham 
ways The small Varia 
attributed to 


hanges in flame shapes and volumes with 


bers may be obtained in many 


tions that are observed can be i number of 
factors suc h as <¢ 


load, 


the furnace 


excess air, and burner arrangement \s soon as 


Ww ills be« rhe covered by ish ind slag, how 


Fig. 7—Correlation of Sterlington heat-absorption effi- 
ciency by a Hurvich equation 
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ever, the differences between predicted and experi 
mental values for heat transfer become larger, and the 
Factors 


whole problem becomes extremely complex 


that are present and influence the operation of coal 
fired equipment, and which are not present in gas-fired 
equipment include the heat conductivity, and the tem 
perature and emissivity of the flame and the ash and slag 
coating the furnace-wall tubes 

Although an attempt to correlate furnace data from 
coal-fired equipment by means of one or more of the 
flame-temperature relationships 
is doubtful that improved correlations 


fundamental will be 


ittempted, it 
obtained This conclusion is suggested by the 
fundamental relationships involve a 
variable related to the 
In most fundamental furnace expressions 
wall back to the flame is 


> 1 
For clean 


will be 
fact that 
radiation 


most 
temperature of the 
furnace wall 
the radiation from the furnace 
considered to be negligible and is neglected 
walled furnaces, such as Sterlington, this assumption 1s 

ilid since the temperature of the walls and boiler tubes 
ire in the range 700-S00 F., as compared to the flame 
temperature of approximately When, however, 
the wall is covered by a coating of ash and slag, which 
iy vary in temperature from 700 to 2000 F., the as 
Hone 


3000 F 


and may not be made 
have made to allow for this 
factor Mullikin (15), as Mumford and 

16), have suggested methods that can be used to correct 
Chese techniques, how 


sumption is not valid, 
slag ish 


Bice 


ittempts been 


well as 


radiant heat-absorbing surface 


1 A not 


7 
ever, involve very many assumptions, and do not allow 


for the temperature of the slag coating 


Rs Oommen dation 


+ 


lo evaluate properly the heat-transfer in a furnace, it is 
necessary to know flame temperature and flame emis 
sivities, and the effects on these factors of such variables 
as flame shape, flame length, type of fuel, degree of mixing 
of fuel and air, and per cent excess air. It is possible 
that such information can be obtained by 
experimental furnaces as sectionalized calorimeters, such 
me at the International Flame 
Ijmuiden, Holland. However, the 
numerous and complex and 


designing 


is being dk Radiation 


Irials at experi 


mental problems are will 


mly be solved by the application of experimental ex 


perience 
iformation on flames, future 


directed at 


In addition to experi 


} 


I obtaining the radia 


it 
mental work should be 
tion and conductivity characteristics of the slag and ash 
Iraction 
large-scale industrial 


coatings of furnace walls, as well as the of wall 


| 


irea covered bv ish ind slag It 


experimentation, some imdications of these character 
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tube-metal 
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we ll as 


temperatures 


Ss are necessary if reradiation from 


the flame and 
be evaluated 
nd perhaps most important recommenda 


ill future work be planned so that 


1 statistically, and 
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litate the gathering of the most n 
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Don’t blow your salary down the sewer! 


You may be wasting that much and more by inter- 


ittent blow-off, which is just a guessing game. It 
helps nobody but the fuel company. By contrast, 
you can now get a system of continuous blow-off 


that blows just enough all the time. Never forgets, 
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never fails, pays its 


months. You owe it to 


own cost in a matter of 


yourself and the boss to 
of “Modern 
Blow-off” to The Madden Corp., 1543 W. Morse 
dve., Chicago 26, Illinois. 


find out about it; write for a copy 











“Buffalo” Air Poil Wheel. Note “deep-bite” 
blades for most efficient air handling. 











New! “BUFFALO” “Deep Blade’ AIR FOIL FANS 


a new high 


MOST STREAMLINED INLET note smooth inlet bell 


matching the deep drawn wheel flange to form a “true 


half circle” inlet into wheel. 


DEEPER BLADES FOR DEEPER “BITE” — note exceptionally 
deep blade design in photo at top. This improves air 
flow thru blade channels. Flanged hubs — smoothly 


curved for best air entry conditions. 


The wheel has been dynamically tested in the “Buffalo” 
Vacuum Pit — possible only at “Buffalo”. By spinning 


various rotor designs to destruction the optimum wheel 


in forced draft performance 


another “Buffalo” “Q” 


construction was determined 


factor.* 


IMPROVED FAN OUTLET — reduces outlet air turbulence 
from fan cutoff into duct by making more even, gradual 
change from velocity to static pressure. Without this 


complete streamlining of inlet, 


4 , 


a © 


Smooth Divergent Flow 


housing AND outlet, such high 
efficiency is impossible. 

92% MECHANICAL EFFICIENCY — nor an inflated 
claim, but proved performance you can expect in field 


operation. 


WRITE FOR ALL ENGINEERING DATA AND RECOMMENDATIONS ON YOUR DRAFT PROBLEM 


*The Q” Factor 


the built-in Quality which provides trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 


BUFFALO, NEW YORK 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT 


40 


EXHAUSTING 


FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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Fuel Elements for Nuclear Reactors 


By JOHN B. ANDERSON 


Cornbustion Engineering, Inc. 


A general discussion is presented of the \ number of basic considerations apply to all fuel el 
basic requirements for fuel elements for ments, as follows 
l Geometry 
nuclear reactors and of the heat transfer , : 
a \ form giving a high surface to volume ratio is 


characteristics affecting the selection of desired 


a fuel elernent design. This is followed b. The form must be such that the coolant can 
by a presentation of typical fuel elements remove the heat with maximum efficiency fron 
; ; : - ’ the entire surface of the fuel element 

along with a discussion of their potential 


High pressure drop forms are acceptable only 


performance and applicability in line when accompanied by a proportionately greater 


with the basic requirements and heat gain in heat transfer rate 


: : 2 rhe fuel element must be of the simplest design 
transfer factors discussed earlier. Se . ‘ - : 
consistent with the performance demanded 


3 Mechanical stability is essential and must be 
balanced with the heat transfer demands for thin ele 


ments Mechanical instability and the resulting dis 
| ission process Ior . : 
: , tortions are produced by structural loads, vibrator 
ol power, l | nable material 
. pressure differences and thermal stress 
formed into a . 
: | The minimum amount of structural material 1 
| of the process an 
his unit is the re 


ponents of this core 


desired for fuel element support within the core Thus 
fuel element that is self-supporting is the optimum for 
evelopment of nucl Uns consideration 
». Cladding is generally required for corrosion 
Requirements for Fuel Elemep tection and/or fission product containment 
possible for some of the best corrosion resistant 
for the generation of power is fi OF to be eliminated from consideration by nuclear 
r design with the prime purpose of pro tions, the maximum allowable surface temperature 
the maximum possible rate This he 


] 


be limited by corrosiot 


from the core and transferred to the 6. Ease of fabrication and low cost are desirabl 
n the most efficient manner. Important These usually go together. Simple geometries need 1 

ull other considerations are primarily pe fylly exploited for this reason, and also because the 
he ichievement ol in optumum heat mav more easilv lend themselves to mass production wit! 


It is necessary to consider all facets 
d the optimum combination 1s arrived 


ompromuse of the heat transfer desig 


mechanical design and metallurgi 


rts toward improved heat transter 


} 


4 a reactor core is determined by : c 
ance should be directed to the water and 


ecessary to contain the number of fuel ele 
: opposed to liquid 1 ooled ay 

g the specified heat transfer area and by 

. , ‘ , i greater potential vail x in the 

lume of the coolant and moderator which 

tne ty pe ol re ) inder consideration : : 

; - conductivity and low film dz 

urs in the case of very small cores where . 

; nonly used liquid metal today 

mutations, rather thar leat transier re 

elort to improve 


dictate the size 


' i nst primary factor in deter 


lements are 1ely divided, there will . 
F rates is usually the allowablk 
er suriace , 

: iture ri mut y thermal stresses and the 
1el; howe 
cnt high mperature strength of the metals used. Ob 
ously, simple shay emblies with 


drop and ww fabrication cost are desire 


mication cost 


st importance 
Therefore, pressure 
For wate id gas cooled ipplication , impro 


genera l 
t} : transfer ra ire obtained by increased turbulence 
1an designing fuel n fo 


tri power 


the heat transfer surface rhis may be produced by 
mance military ; 
high coolant velocity in parallel flow or by interrupte 


surfaces such as cross flow over tube bank \ high heat 
transfer coefficient ) ied for interrupted surface 
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at a lower coolant flow rate than for continuous surfaces 


thus pumping power is usually not adversely affected 


In parallel flow the heat transfer coefficient is generally 


determined by the Colburn equatior 


nks the correlation 
University 
stigators 
is lac king y 
calculating l urta ; th l 
tube i ig. l1—Flat, curved, corrugated and flat (for figures reading 
left to right) plate type fuel elements 


rious fuei element desig 
neat transier st and py int, potential hot spots an 
film drop and coolant temperature risé 
considered 
insfer desig 


g conditions 


r 


issionable material 
is well as fissionable mate 
factors to be considered 


eccentricily 


ther flow 


laterials 
ll established 


inspected witn simple 


ome 8 8 


uci 


Cel ible shapes 


000) coolar 
par illel flow 

The fuel elemet 4 1! ry will provide ei 
nected par illel chann nected par illel chat 
a discontinuous 
connected par alle 
tive alon 
the effect « hot spots stavs loca 
muxing av wut the local effects « is shown represet 
perature rise he effect will be the 
nected par illel channels 1 


between channels occurs 
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Fig. 2—Cylindrical fuel elernents, rods and tubes 


the plate are usually not available for cool 
This ratio is still on the 
is that 
cladding may be 


ire not included 
e the 
ge cladding The edge 


effective heat transfer area 


the side cladding to provide part of the 
Structural 


e form of side and end plates are required 


structural material for support of the plates 


supports il 
to hold the 
Wide, thi 


per unit lume of 


1el plates in proper relation to each other 
plates give maximum heat transfer surface 
fuel; however, they may become m¢ 
instable and resulting vibrations or distor 
failure of the Curved 
mbinations of flat and corrugated plates 
tability of wide plates 


chan 


duce elements 


ment arrangements form disconnected 


innels with a relatively low pressure 


coolant velocities rhe deleterious 


effects occurring at points along a con 


with no mixing between channels ars 


1 


ose manufacturing tolerances can pro 


factors of considerable magnitude Fo 


S-inch wide water channel formed by 


0.002 inch overall thickness tolerance 


nch 
in the 1 


0.005 


tolerance of + 1 
less t! 


1th 


may have a 
1iominal 
} 


ilso be 


flow 


per cent 


1 
lo this flow reducing effect must 


for warping which can reduce the 
nnel to an 


must be 


idditional extent 
predicated upon the most 
hottest 


tion of tolerances along the 


ng at the inlet end to minimize the 
distribution 


This 


distributing 


neces and warping on flow 


for low pressure drop cores 
idditional advantage by 
» compensate for the power variation 


velocity is required to obtain a high 
The high 


1 considerable pumping 
with the 


oefficient resulting coolant 
power 


relatively low pressure dr 


volume ratio of a cylinder is 4 where 
of the 
I plates ind 


ratio 1s 4 


cvlinder his is considerably 


becomes even higher 
1 where 

utside diameter 
nly the ends of 


ivailable for he 
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rhis is a small fraction of the total surface, and thus has 
not been included in the above ratios. 

A single long rod, or tube, or a number of short rods, 
or tubes, placed in a concentric tube as shown in Fig. 2 
provides the same disconnected parallel flow channel 
and heat transfer limitations of the plate type fuel ele 
ments 

As cylindrical 


reduced in diameter to 


increase the heat transfer area, they become 


elements are 
less stable 
and the problem of support and proper spacing becomes 
an integral part of the design. A 
rods having fine wire wound in 


bundle of slender 


helical fashion around 
each to provide support and spacing between adjacent 
Chis bundle fitted into 


then 


rods is shown in Fig. 3 may be 


a circular or hexagonal tube The reactor core 
issemblies 
coolant 
helically 
iverages out the effect of local hot spots on the coolant 
temperature ris¢ thus the hot 

Che hot spot produced by the wire wound around 


local 


each element is small 


consists of a cluster of such sub 


The continuous mixing of the ilong the flow 


path, partially induced by the wound wires, 


and spot effects remain 


ind the induced turbulence result 


ing in a higher local heat transfer coefficient will partially 


compensate tor 1t 


Reduced to even smaller diameters, the cylindrical 


element becomes a wir rhe design shown in Fig. 4 


consists of crossed grids Ihe elements become 


wire 
self-supporting as is necessary 
all thin 


structural 


for optimum design of 


fuel elements in order to keep the amount of 


support material low The figure shows a 
Py g 


Fig. 3—Cylindrical fuel elements, slender rods 





Fig. 4—Cylindrical fuel elements, wires 


nodel of an 


issembly of grids clamped in a square or 


rectangular box The ends of the wires are formed to a 


] 


large spacing between adjacent 


radius bend to provide 


wires. If the wires are brazed at the contact points, 
this is not necessary All 
ivailable to coolant flow with the exception of limited 

oling around the contact points The element 1s 


1 easily assembled, thus lending 


surfaces of the element are 


1) formed an 
nass production techniques. If the 


grids are 


it the box structure and 


of clamping the 


contact 
grids 1s required 


points, a 
means is shown 1n the 
model of Fig : 

The cros flow irral 
transfer rates at moderate coolant flow but high pressure 


gement results in high heat 


rhe high turbulence produces a high pressure 


however, the scrubbing action on the surfaces of 


ncluding the back surfa results in a high 


heent 


Phe surface nperature of the wires is affected by the 


ination in hea transfer coefficient which occurs 


1 cylindrical element in 
inketing effect at the contact 


Analogue studies by W. R 
effect of the cross wires on surface 


cross 
points 
cross wires simmons 
ANL sh 
erature is equal to that produced by the peripheral 
that the 


30 degree ar 


w that the 


tem] 
film drop variation, when assuming cross wir 


blankets r in effect insulates, a 
fa ; not additive, the design is not hand 
mtact. On this 


in each grid is not critical 


the “ 


b iS1S, 


thus 


capped bi h lect of wire ¢ 


permussi ble 


Flement 


defined as narrow plates, or 
about the 


I'wisted ribbons mav be 
flattened « 
longitudinal 


have been twisted 


1 helical or spiral surface as 
shown in Fi 

When t d bbon fuel elements are used, the sur 
face to volume ratio is higher than that obtained with 
olant flows over the 
the ribbon is narrow and the area on the 


the heat transfer 


plates because tl entire surtace 


\lso 


becomes an ippre ible 


sides 
percentage ol 
irea is probably quite effective as 


suriace This « lye 


turbulent 


flow will occur in 
hus the 
the thickness and w is the width of the 
held at the ends are « 


this region even when the 


edge 1s roundes ratio is 2 + 2 w, where / 1s 


ribbon 


Such elements when ympletely 


Pr it RI », Argone 


Fig. 5—Twisted ribbon type fuel elements 


their length: thus the elements 


The contact between adjacent 


self-supporting along 
may be long and slender 
where helical edges cross at an 
fuel element to coolant ratio 


width to thickness ratio 


elements is at 
to each other The 


a point 
angle 
may be varied by varying the 
of the ribbon 

Some turbulence is produced by the helical form of 
the ribbons; however, the heat transfer rates are prob 
ably closer to the pure parallel flow case than to the 
flow banks. Unfortunately, the form 
of the ribbons produces cross currents of coolant that 
Thus the maximum 


element 


cross over tube 
meet in the area between elements 
turbulence does not occur on the surface of the 
where it would improve the heat transfer rate. Tests 
run to determine the performance of such ele 
and until that time, heat 
based on speculation 
run at Argonne National Laboratory indicate a 
tively small increase in pressure drop over that for par 
illel plates 

Che mixing of the coolant along the flow path assures 
the localizing of hot effeets The 
are probably negligible hot spots, since excellent coolant 
iddition 


must be 
ments: transfer calculations 


must be Pressure drop tests 


rela 


spot contact points 
iround the 


effect 


flow exists all point of contact. In 


there is an edge where a greater heat transfer 


irea per unit of fuel volume occurs 

will Coolant Pa ge 
based upon varying fabrica 
that is, a 


Many possibilities exist, 


tion techniques, for a ‘‘Swiss Cheese’’ design 


block of fuel with coolant passages through the block 
Fig. 6 The 
is dependen 

passages and 1s not readily reduced to a form for compari 


I 
son with previous fuel element For cylin 


surface to volume ratio for such a design 


upon the number and size of the coolant 


geometries 


drical coolant passages 


where 


Such a design has the same limitations as any dis 


parallel flow 
may be desirable for certain applications 


channel design; however, it 


connected 


Berl Saddle 


Pe hhle ind 
Pebbles, or spheres, have the highest surface to volume 
ill geometries The 1 where d is the 
If mass production techniques 

bed 


ratio of ratio is 6 


diameter of the sphere 


can be ipphied, i pebble will be a very desirable 
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Fig. 6—Fuel matrix with integral coolant passages 


turbulent flow through the bed gives the 


idvantages as the crossed wire grid 


design Phe 
same however, the 
fuel element support, that is, the contain 


is different 


problem 
ment of the pebbles within the core, 
self-supporting, thus re 


nt structure that will permit adequate coolant 


rhe 
pebbles ar and quire only a 
contain 
flow into and out of the core 

\ problem arises from the non-uniform packing that 
pack 


This 


variations in the density 


I he sphe res Can 


results as illustrated in Fig. 7 
I uare or triangular pattern show 


either in 
will result in very undesirable 
| therefore of fuel throughout the core 

suggested by Mr. L. W 


this is 


of spheres 
Another form 
Fromm, formerly of ORNL, as shown in Fig. 8 


© me Ms 


Fig. 8—Berl saddle type fuel elements 


has bee n 


It has the uniform 


is given the 


advantage ol very 
within 
vlindrical 


the berl saddl 


same density less 


in 1 per cent by simple methods of filling a « 
lume 


Chis form is produced very easily in a sing] 


gle oper ition 


pressit flat disk in a suitable dic 
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fnel element corrosion 


Fig. 7—Packing arrangements obtained with spherical! fuel 
elements 


D Vole luié 


rhe molecule of fuel in a liquid fuel reactor appears 
to be the fuel 
to volume 
per unit of fuel 1s obtained 


element The maximum surface 
ultimate in heat 


The form is simple, 


ide al 


ratio and the transier area 


{ asily 


fabricated, and presents no mechanical support or 


stability problems. Structural material consists of the 


non-uranium atoms of the molecule, and there is no 


problem 
Chis appears to be the only fuel element to consider 
ideal designs 


Thus the 


However, this design, like so many other 


trades one set of problems for another 


interest in solid fuel elements continues 
Con usion 


The fuel element geometries discussed in this 
such as 


paper 


have been based on inherently simple forms, 


plates, cylinders and spheres. These basic elements may 


be formed into various configurations and assembled to 


form a simple or complex core assembly The selec 


tion of the elements and the complexity of the assembly 


must be based upon the balance between cost and per 


formance demanded by the specific application under 


consideration 
It has been shown that simplicity of fuel element form 


and of core assembly can be attained It may also bs 


seen that the complication of design for high performance 


reactor cores need only be that resulting from the in 


creased number of elements required, as they are reduced 


in thickness in order to obtain large heat transfer areas 
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Economic Comparison of Steam- 
Turbine Vs. Motor-Driven 
Boiler Feed Pumps 


By A. G. MELLOR, R. C. MUIR, J. F. O’MARA and J. F. RANSOM 


General Electric Company 


nsiderabl 


The purpose of this AIEE paper is to 

, hy ‘ 1 

- agg *4 present an economic comparison between ' mY M ole 
ng station steam turbine and motor drives for boiler and 2 show these sa 

driven by feed pumps as an aid in determining a — ee oe 

ners . wCchyvyear, CADIC, 


es with the ex 
the area of economical application of each bus run and. grounding 
; } + . ’ ! nt 
ex ReaTeG of these types of drives. equipmen 
loption ofl 2. Wher 
g by extrac 


e turbines being 


turbine 


possible to reduce the auxiliary power 


in turbine led to a re-evaluation 
0 volts to 2400 volts The sa 


Improvements reliability of 


uxiliary power supply 


tric drives for po station auxiliaries at 


ns made the ol 25 volt motors over 4000 volt 


the size of g nl ind in cost of mot 
ill-electric auxiliary is show! 


only being used, th 


in first cost over turbine g. }) shows th 


lly showed a saving 
result has been the pract univers driven pumps. Thes« 
ric drives in modert turbines described later 
re has been consider in 5 The estimated ec 
turbines ire show! 


When turbine driven boile1 


which has resulted 1 il auxiliary power requirement 
r requirements t station output « 
pment of boiler tional boiler, conder 
600 rpm These high speed : capacity 
particularly fo shows estim 
ind boiler plant 

of designing al » determine the value of the increment 
very large amount explained under “Method 
renerating unit , Fig. S shows the in 


4 


ivailable when turbine dr 


3 The cost ol extra ¢ mi I pacity was assumed 
$10 per kilowatt of output as incremental cost 
ransiormer wa 


1 


Economic Compar » be 

Parti ; ] sts 

;daitional Capacity 

relative econo! . ‘ 

. umed to be § DD tlow of increased output 

boiler feed 

lered Net Stra 

Preliminary hown that at full load the 

f turbine d n boiler feed pumps will result in a 

it rate At lower load 

i better heat rat Cor 


ol most generating unit 
heat rate for the two 
i stand-off when evalu 


It certatl cast where 
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Fig. |—Price savings of auxiliary power supply systems 

using turbine instead of motor driven boiler feed pumps. 

Two auxiliary transformers used for motor drive. Single 
auxiliary transformers used for turbine drive 


unusual loading cycles are encountered, the effect of sta 


tion heat rate should be more accurately evaluated 


VESTMENT 


the difference in investment cost be 


ind turbine 


In determining 
drives for the various arrange 
ts of the station that 
The 
cost of the components that can be eliminated or reduced 

when turbine were totaled 
this total the that could be 
determined by subtracting the cost of the 
The St 
shown in the lower part of Figs. 14, 15 
noted that in Fig. 14 the initial 
less than for motor 
16 the 
ves is less than for turbine drives 


tween motor 


ments studied, only those componen 


change in size or rating were considered savings in 


im size drives were used 


From net any 


Saving (1 
achieved was 
turbines, required piping and piping installation 
net Savings are 
ind 16 It 


investment 


shx suld be 


for turbine drives is 


drive However, in Figs. 15 and initial invest 


ment for motor dri 


Che following investment cost comparisons have been 


Fig 


turbine 


t shows the comparison between using one 


full siz drive against two half size motor drives 
. ) shows the comparison between using two 


half motor 


Fig 


turbine drives against two sizé 


16 shows the comparison between using two 


turbine drives against three half size motor 


of the above comparisons, 3600 rpm motors 


Fig. 3—Total price difference between 4000 volt motors and 
2300 volt motors excluding boiler feed pump motors 
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Fig. 2—Price savings of auxiliary power supply systems using 

turbine instead of motor driven boiler feed pumps. Two 

auxiliary transformers used for both motor and turbine 
drive 


ind variable speed pumps were compared with high 


speed (5500-9000 rpm) turbines and pumps. Also pre 


| are data on the price of 1800 rpm motors, variable 


sented 
speed drives and gears driving high speed pumps 

Fig total auxiliary power requirements at 
various steam pressures for systems using either motor 
It can be seen that 


9 gives the 


or turbine driven boiler feed pumps 
the power requirements of the boiler feed pump motors 
make up percentage of the total requirements 
of the auxiliary power system, being about 42 per cent at 


i l irge 


2400 psi hus when 


! 
ire used, the size and 


turbine driven boiler feed pumps 
cost of the auxiliary power system 
ire reduced considerably 

iuxiliary 
\rrangement No. | 
wuxiliary power transformers 


Ihree basic arrangements of power systems 


were studiec as shown in Fig. 10 


is a split bus using two 
Chis the boiler 


irrangement was used in all cases where 


\rrangements No. 2 
transformer arrange 


when turbine drive is used 


teed pumps were motor driven 


and 3 are single auxiliary power 


ments and are feasible 
For all size units under consideration auxiliary power 
voltage of 4.16 kv was used when the boiler feed 


all 


system 


system 


motor driven herefore, costs were 
upon a 4.16-kv auxiliary power 
when motor drive was used. H« 

turbine drives for the boiler feed pumps, either a 2.4-kv 
ora4 


Therefore, the investment 


pumps were 


based voltage 


wever, by using steam 


16-kv auxiliary power system voltage was suitable 
costs using both voltages have 
considered when turbine 
the 2.4-ky 


cost motors, 


been Generally 
to the 


switchgear cubicles, 


using drive 
system is lower in cost due 


1 
speaking, 


lower motor feeder 
start-up transformer and elimination of neutral grounding 
resistors 


The foll 


ratings ol! 


wing used in determining 


the 


issumptions were 
the iuxiliary 
power systen 


Che 


irious components of the 


wuxiliary power system power factor was 


Circuit breakers were type AM-2.4/4 
iuxiliary 


the 


\rrangement N« the 


were each one-half of 


3. For 
transiormer 
auxili irTy powe r requirements 


power 


ratings ictual 


iuxiliary 
ictual 


+. For Arrangements No. 2 and 3, the 


equal to the 
requirements as determined from Fig. 9 


OA-T 


power transionmer ratings wert 


wuxiliary power 


y \uxiliary power transformers were typ« 
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MOTE CURVES INCLUDE MOTOR PumP 
AND SPEED CONTRO colar 
MCLUOED AT 1800 RPw 


LARS PER HORSEPOWER 
> 7 > - 
- o 7 


a 





i a a a a 


MOTOR HORSEPOWER 


Fig. 4—Motor and pump price 


OA-FA 


rating 


up transformers were typ¢ 
up transformer fan-cooled was equal 
uxiliary power requirements of one unit 
] fault currents, 


4 kv or 4.16 kv was as 


momentary LOO 


lating 


1 
load 


at either 


voltage 
motor 


Ww ible 5 per cent whe n 
rvest 
sing turbine driven boiler feed 
of the 

re drop was one-half the siz 


largest motor considered for 


) requirements 
voltage bus was 


4 


exciter wa t o1 1 to the 


show the results of these 


comparisons 


ir savings in the auxiliary power system 


notor driven to turbine driven boiler 


function of maximum turbine-generator 
7 


e umit from 120,000 kw to 240,000 kw, 


pressures from 1450 psig to 2400 


results shown in Figs. 1 and 2 d on 


ranging 


boiler feed pump motors If two boiler 


to be 


tors are used, $12,500 should 


the cost savings shown on Figs 
nt the extra equipment required for the 
Chese curves also include provisions for a 
ntrol 


is required to obtain pressure in the 


pump motor, and the 


necessary C¢ 


up, when the boiler feed pump is tur 


calculated required mot 


8 x 


THOUSANOS OF DOLLARS 
3 


06' 


60,000 
aan "Pee 


200900 220,000 780000 


e000 
NERATOR STS fom 


6—Additional station piping and piping costs 
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DOLLARS PER HORSEPOWER 


TURBINE HORSE POWER 
Fig. 5—Turbine and pump price 


@00 


The 


curves are based upon a maximum steam flow of 110°; of 


bine capacities for driving the boiler feed pumps 


turbine rating and include an additional flow 
LO%, tor 
pm motors are 
the 


increased by 2°; to 


margin ol 


pump wear and transient conditions. 3600 


assumed If 1SO0-rpm motors are to be 


considered, horsepower requirements of the motor 


should be account for the gear ef 


ficiency The curves are based on one full « ipacity drive 


half « 


rating as 


rhus if two or three ipacity drives are to be used 
the 


horsepower 


determined fron 
two The 
less than that of a 


given size unit because the speed control for the pump 1 


the horsepower curve 


should be divided by require 


ments of a turbine are motor for a 


inherent in the turbine and hence no additional loss factor 


need be considered If a throttling valve is used with 


motor drive, 
greater than the 
throttling 


the required motor horsepower will also be 


turbine horsepower to provide the 


However, use of a throttling valve 


losses 


does not provide the variabk peed per 
formance obtainabl 
When the 


the price Cal be 


equivalent 


from a turbine drive 
required motor size 1s determi 


Phe 


a motor, pump 


found from Fig. 4 cur 


ind m 


clude the comple te 


] 
ot speed control I 


rice ol 
} 
| i 


1e 1800-rpm motor curve include 


the price 0 gear for driving a high speed DOO GOOD 


Prices given are tor om pumping ul it 


tw three motors are used, the appropriate multi 


plier is necessary 


In going from a 4.16-kv system to a 2.4-kvy syste1 


considerable saving can be realized in the cost of the re 


maining auxiliary motors Fig. 3 gives the approximate 


dollar savings that can be reasonably expe ted 


ee OER & ACCESSORES 
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Fig. 7—Total plant and boiler and accessory cost 





40,00 oo 200,900 220,000 240,000 
MAM TUPEINE - GENERATOR PATTING - R1LOWATTS 


8—Full load kilowatts released using turbine driven 
boiler feed pumps 


obtained 


he dollars from Fig. 1 or 2, plus 
the total dollar investment price savings 
n the wer system 1 


yoing Irom motor t 


turbine pump 
Fig he s m turbine ar 
curve 1s for a 450 psig, 750 F un 
it full boiler ind ten 
i 


operation and extraction for 


id pump price Phe 


it with arrangement for 


vdmuitts pressure iperaturt 


on Start 


feed water h ng I I Owing ace 


“4 


essories have been 


included ning g turning gear pum] iuxiliary 


oil pump, air motor speed control, tachometer and other 


required iccessories 
Fig. 6 gives approximate piping and piping installation 
for the complete installation The 
’ 


ire based upon the piping arrangement of Fig. 17 The 


turbine 


costs 


curves 


prices of all valves are included 


rhe curves in the lower portions of Figs. 14, 15 and 16 


give the difference in total plant investment costs when 


comparing motor driven and steam turbine driven boiler 


feed pumps Che curves are based on an auxiliary power 


system voltage of t kv when using turbine drive, and 


ire also based on 3600-rpm motors and pumps. Using a 


ARRANGEMENT SO 2 ARRANGEMENT WO 5 


10—Auxiliary power systern arrangements 


6 eeu MOTOR ORE 
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Fig. 11—Total boiler feed pump capacity 
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Fig. 9—Auxiliary power requirements 


+. 10-KV 
turbine 


system using 


voltage when 
ill cases studied, 


1uxiliary power 


drive is more expensive in and 


therefore would make the motor drive appear more 


favorable 
1800-rpm motors and high speed pumps instead 
s results in 


I sing 
of 3600-rpm motors and pum i lower initial 
nt Fig 


dollars per horsepower for the high speed 


| 
shows that for a given horsepower 
rating the 
for the 


unit is less than 


3600-rpm drive unit 


F INCREMENTAL KILOWATTS 


In comparing against motor driven 
boiler feed pumps for a given size turbine-generator, more 
uilable at the voltage bus when 
his is due to the 


eliminating the large 


turbine driv; n 


kilowatts are av high 


using turbine drives capacity re 


from the auxiliary bus by 


However, in order to actually obtain these 


leased 


size motors 


kilowatts, the size of the boiler, its associated accesso 


ries, the condenser and the n power transformer must 


be increased. A method is] nted here for evaluating 


these additional kilowatts 
sts of complete itions and costs 


pl int 


These curves are based on coal-fired plants and are aver 
I 


Fig. 7 shows c power st 


of only the boiler portio 


of the power station 


age installed costs based on actual plants in all parts of 
ictual cost of a given plant will differ 
shown on the curves depending upon the 


the country The 
that 
physical location of the plant 


from 
However, the shapes of 
the curves should 

From the 
investment for various s1z¢ 


ipply regardless of locatior 


curve shown in Fig 


taking the slope of this curv 
tion cost was obtained 


To obtain increased Stati 


turbine driven boiler feed pumps are used, it is necessary 


to wmcrease the boule r capacity ilso to pr vide extra 


capacity in the condenser and main step-up transformer 


rhe incremental cost of extra boiler capacity was ob 


tained from the curve of boiler costs shown in 


To this incremental boiler cost was 


cremental kilowatt mdenser 


$1.70 per incremet kik " for extra 
< pacity 
The net 


is the difference 


mental station 
incremental value of 

il cost of the sta 
nust be increased to obtain the in 
of the 


kilowatt for 


value of the incre 
} 


output was 


taken vetween the 


station investment and the increment 


tion components that 


value of in 


creased net output. Fig. 12 is a plot 


cremental kilowatts in dollars per irious 


S1Z¢ of units 
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COLLARS PER INCREMENTAL KHLOWATT 





4Q 000 '6Q 000 180,000 20Q000 
MAIN TURBINE GENERATOR RaTiING - KLOWATTS 


Fig. 12—Evaluation of incremental kw additiona! capacity 


Fig showing the total incremental kilowatt dollar 
evaluation was obtained by multiplying the values shown 
. by the additional station output shown on Fig 


S shows the actual kilowatt capacity released 
normal full load operation of the turbine-genera 


under 
tor 

It is realized that the evaluation of incremental station 
output is a controversial subject and that the method 
presented here is only one approach to the problem 
Many utilities use higher values than shown here and at 


] 


least one a figure of $100 per incremental 


utility uses 
kilowatt 

rhe upper portion of Figs. 14 through 
curves showing the total dollar 
| kilowatts as a result of using turbine driven 
These curves are obtained by com 


14 through 16, and Fig 


16 are composite 


comparison including 


increment 


boile pumps 


lower portion of Figs 


bining 


] 


i nroine 


Pu my} 


Ol many 


ement of Boiler Feed 


Stud have been made arrangements ol 


boule 


upot! 


pump turbines in the plant cycle Based 


studies, it must be concluded no one ar 
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incremental kilowatt dollar evaluations 


Fig. 13—Total 


rangement is categorically better than the othet Pur 
bines can be designed to operate on steam extracted from 
the cold reheat line or any extraction from the main unit 
Exhaust can be to the condenser or to a feedwater heater 
and with or without extraction for other feedwater heat 
ers. Some generalized rules should be kept in mind, 
however, when studying the application of boiler feed 
Selection of cycle arrangement must be 
light 


trip 


pump turbines 
made compatible with flexibility of operation at 
load and under abnormal conditions such as load 
out, heaters out of service, etc 

lurbine efficiency varies with volume flow and for 
this reason the boiler feed pump turbine efficiency will 
be poorer than that of the main unit Phis difference 
may be kept to reasonable limits by selecting a boiler 
feed pump turbine for low inlet steam conditions 

In the sizes generally considered, the initial cost of the 
turbine will be lowest for initial steam pressures of about 
Cost will also vary with initial steam tempera 
ture hese factors suggest operation from the cold re 
heat line 


apparent 


LOO psig 


Operation from the cold reheat line has the 
reheater This will 
ill the stean 


effect of by-passing the 


not, however, affect the cycle adversely if 
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comparison of Fig. 
stearm turbine vs 
feed pumps 


Fig. 14—Economic 

steam turbine vs. motor driven boiler 

feed pumps. One full size high speed 

turbine vs. two half size 3600-rpm 
motors 
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15—Economic 
motor driven boiler 
Two half size high speed 
turbines vs. two half size 3600-rpm 
motors 


-_ 
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comparison of Fig. 16—Economic comparison of 

stearn turbine vs. motor driven boiler 

feed pumps. Two full size high speed 

turbirs vs. three half size 3690-rpm 
rotors 
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thus bypassed is exhausted or extracted to feedwater 
heaters 
Condensing turbines offer a possibility of cycle heat 
rate economies by virtue of the fact some large units may 
A condensing boiler feed pump 
increase the total annulus area 


have high exhaust losses 
would, in effect 
These benefits may be completely offset if steam is taken 


drive 


from the cold reheat line, thus bypassing the reheater. 
Inlet steam taken from an extraction of the reheat tur- 
bine or a cross-over point will result in a more favorable 
heat rate 


OPERATION OF TURBINE DRIVES 


rhe details of control subject to 
variations depending upon the preferences 


For purposes of this study, one ar 


ind operation are 
considerable 


of an individual 


rangement has been selected to describe in detail 


Fig. 17 shows a cycle arrangement in which steam is 


normally taken from the cold reheat line and exhausted 
ind at reduced load to the cross- 
The boiler feed pump turbine 


to high 


to the deaerating heater 


over of the unit 
has tw 


For start-up and light load operation, a separate admis 


main 


extractions pressure closed heaters 


sion 1s provided for steam taken directly from the high 
pressure line 
The ability of the 


steam from the exhaust of the boiler feed pump 


deaerating heater to absorb the heat 
im the 
turbine is a function of feedwater temperature and feed 
flow to the heater \s load on the main unit is 
reduced, flow of feedwater to the deaer ating heater is also 


water 


reduced but boiler feed pump power, and hence exhaust 


flow from the boiler feed pump turbine, are not 
rapidly. It 


unit 


steam 
is for this reason that a tie to 
Exhaust 


reduced S) 


the main cross-over 1s mad steam in 
excess of that which can be absorbed in the deaerating 
unit At very light loads, 


load 


main unit 


heater flows into the main 


during start-up or in case of rejection, no steam 


should be admitted to the For these condi 
the admission valves to the main unit are tripped 
1 and a dump valve to the condenser is opened 
With proper consideration to the irrange 
should be without the need 
for supplemental high pressure steam 
half load on the 


will be necessary to admit high pressure steam 


heat cycle 


ment, it possible to operate 
idmission to below 
main unit At some point, however, it 
Part 
of the load range will be served by both sources of steam 
(s load 


ol the 


on the main unit is further reduced, the pressure 
old reheat steam will diminish to the point that it 
is lower than the first stage shell pressur« \ non-return 
valve therefore back 


flow of steam to the cold reheat 


must be provided to prevent a 
idmussion 


CONTROL OF TURBINE 


rhe turbine driven boiler feed pump may be speed 
governed in terms of boiler feedwater requirements 
Conventional boiler controls, operating through an air 
motor, position a pilot valve in the hydraulically relayed 
govertung system 

For boiler feed pump drives, a special turbine has been 
developed for which more accessories are available than 
is normal for this size of turbine 
in most instances there will be requirements for remote 


This is desirable since 


starting, quick starting and perhaps automatic starting 
The list of accessories available includes turning gear, 


remote indicating gages, tachometers, control valve 


§2 
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Fig. 17—Valve and piping arrangement 


position indicators and remotely operable valves for the 


seal system 


Some form of motor driven boiler feed pump capacity 
In the 
case of conventional boilers for pressures up to say 2400 


must of necessity be employed to start the plant 


pumps capable of only a few hundred 
nch and flow equivalent of no load 
With steam 
main header as well as the 


psig, motor driven 
pounds per squart 
flow on the main unit may be employed 
admission provided from the 
cold reheat line, it is possible to start the turbine driven 
is little 
From this point, there will be sufficient 
power over pump power required to 


boiler feed pump with is 200 to 300 psig boiler 
steam pressure 
margin of steam 
bring the boiler up to full pressure his includes suf 
ficient flow to start the main unit on reduced pressure as 
well 

When high 


to provide small motor driven booster pumps from the 


speed pumps are ust d it may be necessary 


deaerating heater to the suction of the boiler feeders 
The booster pumps in this case must be capable of full 
flow the motor 


feed pumps may be of small horsepower ratings and there 


requirements. In either case driven 
no great burden on the auxiliary power system 
motor driven 


Phis 


fore, 

It is, of course, possible to provide a 
feed pump, capable of full pressure and part flow 
may, in fact, be the desirable thing to do in the case of 
once-through boilers and boilers for supercritical pres 
Here there that full 
pressure and some minimum flow be established prior to 
motor driven 


sures has been a requirement 


lighting off the fires. Since, in this case, 
pumps could the part load requirements, the 
feature of from the header could be 


eliminated with, of course, a reduction in turbine cost 


satisfy 
admission main 
rhis does not, however, provide a complete solution to 
the problem of large motor drives and expensive auxiliary 
power systems More ideas will certainly be coming 
forth in this 
operation ol large supercritical boilers 


irea, aS more experience is gained in the 


Conciustion 


} 


umit sizes and 


turbine drives 


l For the range of main generator 
steam pressures considered in this study 
for boiler feed pumps cannot be justified on investment 
cost alone unless a single, full sized turbine drive with no 
spares 1S considered 


». For the three types of comparisons made, turbine 


drives were justified in all cases when the increased net 
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outpt f tl ition was evaluated at 
this pap 


not appear to be economical to install more 


than two turbine drives per generating unit since the in 
stalled two full sized turbine drives 1s about a 
stand off with three half sized turbine drives 

} As generat 


it appears that turbine drives become slightly more favor 


or unit size and steam pressure increase, 


At sizes 
m considered in this 
study, the practical limit of conventional 4160 volt 


vestment cost point of view 
pressures beyond those 


1uxiliary power systems will be reached if motor driven 
boiler feed pumps are used. At this point there will be a 
sharp increase in the cost of motor drives and auxiliary 
equipment 





EXCEPTIONAL OPPORTUNITIES 
for ENGINEERS and SCIENTISTS 
NUCLEAR POWER 


COMBUSTION ENGINEERING, INC. 


has immediate openings for permanent positions in nuclear 


reactor design, analysis, research and development for 


AERONAUTICAL ENGINEERS 

CHEMICAL ENGINEERS 

Eas ENGINEERS 
assignments in heat transier, fluid flow, ther 


I namics, mechanical] design, stress analysis and 
jevelopment of nuclear power plants 


NUCLEAR ENGINEERS 


For assignments in reactor core and 


i analysis 


pean ENGINEERS 

sentation aad control 
REACTOR PHYSICISTS— 
ay marr ire 


F eoretical and experimental! analysis 
r physics of nuclear power reactors 


——- 
» level CAVE work 


system 


new reactor project hos been undertaken by 


mb tior 


Engineering, with the recent award by the 
Atomic Energy Commission of a prime contract for design, 
manufacture, assembly and test of a complete Nucleor, 
Reactor Propulsion System, designated as Submarine Re 
actor Small (SRS) 
first mpon 


Combustion Engineering will be the 
y in the country to undertake the building of o 


ctor 


using its own laboratory and manufacturing 


S. Citizen Replies treated confidentiolly 


oyee benefits Submit complete resume 


PERSONNEL DEPARTMENT 


COMBUSTION ENGINEERING, INC. 


202 Madison Ave. (36 St.) New York 16, N. Y. 
Telephone: MU 9-4600, Ext. 335. 
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LET OUR TECHNICAL SERVICE ADVISE YOU! 


Are you 


No two plants are alike—design and equipment 
characteristics make the difference. That's why it's 
now using so important to consider kind and size when select- 

ing a coal for your particular burning equipment 
The B&O Technical Service is prepared to study 


the most your specific problem and help you choose the cor- 


rect coal. Here's what our service does for you 


efficient outlines Bituminous coals available for your plant. 


discusses the merits of these coals. 
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determines the best coal for your system. 
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X-ray Analysis as a Guide to Chemical 
Cleaning 


A. W. COULTER, C. M. MADDIN, and R. B. ROSENE 


Dowell Incorporated 
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nportance 
relied mi 
lum 


netite, 


Analysis of deposit samples should iden- 
tify not only the individual elements there- 
in but should also reveal the compounds or 
chemical structure of the scale. X-ray 
analysis will do this. 
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record ingular travel of the Geiger tube at inter\ 
one-half degree Chis angular measure 
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Fig. 2—Geiger counter goniometer 
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ous 


Fig. 1—Geiger counter X-ray spectrometer: Basic X-ray 
unit shown at left with wide range goniometer. Electronic 
circuit panel at right with electronic strip chart recorder 
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Fig. 3—Relative error in determination of ‘‘d’’ with iron 
and molybdenum target tubes for a constant error of 
0.2 degrees in determination of 2 6 
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Fig. 4—X-Ray spectrometer patterns: A, peaks correspond- 

ing to Fe.O,; B, peaks corresponding to Cu. Arrow shows 

increasing intensity of copper peak with increasing concen- 
tration 


wccuracy of the determination is abou 


amount present where 


sought, the g 





found in these deposits are listed in Table II. The is indicated present by the X-ray analysis. Inasmu has 
mineralogical names are given because of their broad silicon was present in all three components the quantity 
usage rather than the less common chemical names of alpha quartz removed could not be determined 
Deposits peculiar to specific industries are encountered umounts of dissolved iron (probably from Fe,O; 
less frequently but are often characterized by X-ray phosphate (probably from Cayw(OH)e( PO,)6) were 
analysis also. Ferric gluconate (Fe(CH,OH)(CHOH), found in the solvent. Compounds containing 
COO 4S a process side deposit in the sugar industry constituents were not found by X-ray analysis of 
affords an excellent example deposit. Such lack of correlation between solvent an 
ilysis and X-ray analysis of the deposit is relativel) 
ymmon. This is generally due to a sample which 1s no 
entirely representative of the scale to be removs d, ort 
failure of the X-ray analysis to detect the presence ol 
minor components. In general, components whose con 
centration is less than five percent of the total are not 
expected to be recognized by X-ray analysis Phe 
lower limit of detection is even higher for some con 


pounds (6 


clen 


0 efficiency of the scale removal 
l 


»btained by an analysis of the drainec 


iring it with the X-ray analysis of the ted was of such a nat I only the magne 


nt analysis 1 made spectro hemucally would be dissolved Consequently analy of the used 


»t 
tite 


rent elements in the solvent Often the ilvent showed iron as the major element 


preset f a particular element provides a basis fo trace of copper. It is not infrequent that occasions aris 


culating th lanti ) ry scale mpor d in which one solvent will not satisfactorily remove every 


wolve + om Table II if we consider a component of a scale deposit his is not objectionable 


mixer umite, analcite, id p i! n which the undissolved components are dis! 

lite be« © ¢ h it least one element whicl 1 well enough to be flushed out of the unit In 

common to t ther two materials. Hence, an analysis of copper as an undissolved scale component, it 

of the solvent for tron, aluminum, and calcium would b is often necessary to make a second treatment with a 

n-acid copper solvent 

ind pectolite dissolved re spective ly The cases cited provide a cross section of the many 
Correlations of this type have been found very useful VI of deposits encountered They illustrate situa 


in predicting the extent of success achieved in the cleaning tions in which X-ray analysis has indicate 1 both solubk 


operator Che following case histories are presented to ind insoluble materials for a given solvent For this 


indicative of the relative amounts of acmite, analcite special no 


illustrate the use of such correlations, their value and on the use of X-ray analysis | 


limitatior po n lin planning a chen 


he deposit in d a mixture o 
hematite Fe,O;), hydroxyapatite Cayo(OH )e( PO, 
ind serpentine (3MgO-2Si0.-H-O Spectrochemical an 
ilysis of the used solvent for iron, calctum, and mag 
nesium provided a means of correlating the quantity of 
each material removed When the results of the solvent 


inalysis were reported in terms of the original compounds 


found by X-ray analysis, the relative amounts of each 
component were about the same by both methods 
Chis indicated that the solvent had acted on all com 
ponents of the deposit and could be expected to remove 
it Visual inspection of the unit followed by an observa 
tion of its operating efficiency provided the ultimate 
basis for judging the treatment While the importance 
of the solvent analysis should not be underestimated it 
must be remembered that the results are relative and 
cannot be expressed in terms of a percentage of the 
total deposit removed because this latter quantity 1s 


rarely, if ever, known POOLE 
Case 2 FLEXIBLE COUPLINGS 


Pectolite NaeO-4CaO0-6Si0,-H,O), analerte Na,O ALL SIZES AND TYPES 
A1,0,-4SiO,-2H,O) and alpha quartz (SiO,) were found CATALOG ON REQUEST 
in the deposit by X-ray analysis. Solvent analysis for 
calcium and aluminum showed that pectolite and analeit POOLE FOUNDRY & MACHINE CO. 
had been removed in approximately the same proportions 1700 UNION AVE.. BALTIMORE 11, MD 
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Russell Station Wins ‘‘Plant America’’ Award 


iry 5, at the Eastern Nurserymen’s conven 
tion at the Hotel Roosevelt, New York City, Rochester 
Gas & Electric Corp. was honored with the presentation 
of the National ‘‘Plant America’’ Award of the American 
Association of Nurserymen his was in recognition of 
the attractive landscaping of Russell Station located 
ilong the shores of Lake Ontario in a suburban residen 


tial district a few miles from Rochester Che company 


was cited ‘for achievement in industrial landscaping and 
beautification contributing to emplovee and civic pride 


rican heritage 
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Exterior view of Russell 
Station showing how 
landscaping harmonizes 
with station architecture 


L. Jd. Cooley, Superinten- 
dent of Electric and Steam 
Generation, shown receiv- 
ing award from Vernon 
Marshall, (right), presi- 
dent of American Associa- 
tion of Nurseryrnen 


Aerial view of Station and 
surrounding countryside. 
Note Lake Ontario on left 
and residential area in 
foreground 
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This 
Decerator has bee 
meeting guarantees for 
ten years. This unit has 


ind peration 


re] spacity of 1,9 


gz irds om mittee W 
: ‘ condensate is decerated 


C. Rogers McCullough per liter or less) be 
'T14 Thi . 


pressure boilers 


Cochrane 
Deaerating Efficiency 
produces 
“ZERO OXYGEN!” 


The 


ness 


guaranteed complete- 


and dependability of 


Cochrane physi il deaera- 


Boiler Accessories tion is unsurpassed’ 


is the 
today 
number of 


Cochrane 
field 


largest 


proneer 


in this and has 
the 


erator 


de- 
in the 
b if k- 
ground in deaeration is your 


installations 


world. Cochrane’s 


continuing assurance that 


guarantees will be met 
| Water Gens For further information 


on Cochrane Deaerators, 


write for literature 








Cochrane 
<— o /  f a a 


y WN 7TH STREET PHILADELPHIA ? PA 


Fig 
PHILADELPHIA ¢ CHICAGO 


U.S.A 


lard vertical bronz« 


ster gage, 350 pound 


NEW YORK . 
ar 


Representatives in 30 principol cities 


Send for Catalog 


Demineralizers + Hot Process Softeners «+ Hot Zeolite 

Sotteners + Declkolizers + Reactors + Decorators 

Continveous Blowef Systems + Condensate Return 
Systems «¢ Speciclties A 


ERNST WATER COLUMN & GAGE CO. 
Livingston, N. J. 
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COMPARATORS é i ! combustion engine 
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ndards as rapidl iS | yssil sale of the first passe! 
help you control the first few nuclear power plants it 1 motives which 
believed that a cooperati witl 935. From 


o SCALING the Advisor Commit an I tion of the di a 


Reactor Hazard Eval 1 will celerating rate 


o CORROSION result in the quicke pt lin This book hould f interest 


and at the san i help to to those young persons contemplating 


EMBRITTLEMENT ‘ rf ndards f he fu engineering as a r, for it illustrates 


the part person tr: play over and 


} 


- SLIMMING pointing out that tl bevond technical knowledge tn the life of 


the first that h to an engineer of considerable accomplish 
major mdus d lopmen n at ment Phe au has told about Mr 
tempt is beir mad »] l Dilworth in 

} way that makes the 


4G) 


Industrial Furnaces, Vol. II, 


Third Edition 
By W. Trinks 


with fast, easy 


pH, PHOSPHATE 
and NITRATE 


analyses 


Eliminate many of the headaches 
of boiler, condenser and cooling 
tower operations. On-the-spot 
color comparison analyses help 
you maintain proper contro! of 
pH, phosphate, silica, nitrate and 


anti-sliming agents Taylor's 
simple visual methods require The Dilworth Story 


only three easy steps for depend 
able operational data. Just take By Franklin M. Reck 


your sample, add reagent and 
read direct after comparing with 
a standard 

Even Total Herdness can be deter- 
mined with ease, yet accurate as 


an alkalinity titration 


COLOR STANDARDS 
GUARANTEED 


Taylor liquid color standards 
carry an unlimited guarantec 
against fading no danger of 
mechanical inaccuracy Each 
complete set of standards is 
mounted in a lightweight, dur 
able plastic slide ... no single 


standards to handle. 


SEE YOUR DEALER for Toylor sets o 
write direct for FREE HAND 
BOOK, “Modern pl & Chio 
tine Control." Gives theory . By Frank Rumford 


and application of pH con Bas -, FLOW INDICATORS 


trol, illustrotes and describes 


Chemical Engineering 
Materials 


‘ r , \ All szes up to 6 
ae VOyrer ENS. i ; wae Ra tt tte e 


W. A. TAYLOR *%° ne Calumet Cope ce! 


416 RODGERS FORGE RO + BALTIMORE, MD VIREOSION, 00 
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Combustion Safeguard 


with wide choice of 
sensing elements for 
oil- and gas-fired burners! 


an explanation 
corrosion and the 
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up specific 
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Iractones 


rubber 


pplications in the 
; 


ire outlined Three 


ire included 


Modern Physics for the 


Engineer 


Edited by Louis N. Ridenour 


Modern Physics 
By John C. Slater 


Regardless « i—gas, oil, or a combina 
tion of both W hee broad selection of ser 
systems assures complete flame supervision 


maximum protection against flame failure for 


naces and boilers. T match combustion safes 
to burner requirements, flexible circuit design 


Wheelco Flame-otr 


permits use of auxiliary au 
¢ 


Matic < ich as pushbutton starters and 


| 


ternal timers for purging as well as interlock 


of multiple units in Control Center panels. Tal 


advantage of these improved methods and instru 
ments—your nearby Wheelco engineer can help you 


design and install combustion safeguards! 
WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


Dept. B, 1564 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., Dept. 8, Toronto and Montreal, Conede 


Industriol Instruments « Automatic Controls 
Aircraft Controls « Small Motors 
Products « Metal Cutting Tools 


« Air Distribution Products 
« Overdoors ond Operators « Molded 
Machine Tools « Textile Machinery 
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computing machines 


Throughout the book 


You Can Be Sure of 








attempted to maintain < 
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Y, mono 
specialist and popularized 
physical topics The bo 

neral famuliarit with 
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REFRACTORY = 
LININGS 


heved th 


after you apply 


SUPER *300 


Refractory 
Bonding 
Cement 


SUPER #93000 


a 


For Setting Fire Brick 

Super #3000 has proved conclusively 
to be the strongest, most abrasion- 
resistant of all bonding mortars at 
low, medium and high temperatures 
to 3000° F. 

It is volume-stable, expanding and 
contracting with the brick; hence it 
does not shrink or crack in the joints. 

Because of its heavy body and water- 
retention properties, Super #3000 
makes tight joints that prevent pas- 
sage of gases into furnace walls. Used 
as a wash coat, it protects the firebrick 
against erosion. 


On Inside Duct Lining 
A %" thick layer of Super # 3000 over 


the insulation provides long-life re- 
fractory lining that withstands erosion 
of hot abrasive gases. 


On Induced Draft Fan Casings 


Where previously repairs required 
heavy, abrasion-resistant steel plates, 
now a coating of Super #3000 pro- 
vides safe protection for many months 
against the scouring action of fly ash. 
The same coating protection can be 
provided for dust collectors. 


On Boiler Tubes 

By painting the tubes (in the second 
and fourth pass of the boiler) with a 
thin mix of Super # 3000, considerable 
protection is provided against erosion. 


Super # 3000, the truly all-purpose, ready-mixed bonding mor- 
tar that bas proved its superiority on thousands of tough jobs, 
challenges your investigation. Let us send you a drum for test. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET © NEW YORK 5, N. Y. 
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This highly developed technique at P.P. & E. 
provides a smooth, trouble-free flow line for 
high pressure, high temperature service. 


Bending heavy wall piping is an art which 
provides a pipe line having best flow charac- 
teristics, with turbulence held to a minimum. 


Pipe bending saves fabricating time and 
material . . . permits designing the pipe line 
to fit exactly into available space. There are 
fewer welds in the completed system, and 
field welding can be confined to areas least 
subject to high stress. Pipe and bends are 





PRODUCTS AND SERVICES 
rged Piping Materials 


AND 


EQUIPMENT 


of the same material . . . and, as produced 
at P.P.&E., wall thickness and metallurgical 
and mechanical properties are consistent 
throughout the fabricated assembly. 


Comparatively few men are qualified by 
training, experience and skill to bend pipe 
for high pressure, high temperature service 
. . . fewer plants have the necessary facili- 
ties. P.P.&E. has both the men and facilities. 





OFFICES IN PRINCIPAL CITIES 


Atlente we ’ 
’ 

«ft 

’ 


COMPANY 


158 49th Street — 


A ANADIAN P 


ittsburgh, Penna. 


saur , 








BEACH ROAL AMILTON. ONTARIC 
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How a Buell Collection System “gangs-up” on dust 
to meet the toughest air pollution codes 


= 
= 


EXClusive 


~~. ‘ 
ad 


: | ay-> 
ag up on particles | 3 é, 
. Pp) ° £\N Ue 


~ 4 


dust particles 
| collecting 


With positive gas flow control for peak efficiency . . . plus continuous 
cycle rapping to eliminate puffing . . . Buell’s “SF” Electric Precipitator 
really “gangs-up” on dust (even dust with high resistivity) to permit 
full production even under the most rigid anti-air-pollution codes. 


FOR THE COMPLETE STORY 
Write: 


Buell Cyclones also deliver extra collec- Buell Engineering Company 
tion efficiency to “gang-up” on dust: Ex- Dept. 70-B, 70 Pine Street 
clusive Shave-off design harnesses double- New York 5, New York 


eddy current and puts it to work. ‘ 
a Bi 


Buell’s Low Resistance Fly Ash Collector 


combines high efficiency to meet present 
“E> 


day strictness, with low draft loss for 
natural or mechanical draft installations. 
— 


ELECTRICAL 
Experts at delivering Extra Eficiencyin DUST COLLECTION SYSTEMS 
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FosTER IN THE STEAM PLANT 


NON-RETURN VALVES 


Foster Automatic Non 
Return Stop and Check 
Valves are made for pres 
sures up to 900 P.S.!. and 
900°F. Globe, angle or 
elbow pottern body de 
sign; 2% to 12 


PRESSURE REDUCING 
VALVES 


Foster 50-G2 Regulators 
for high pressure steam 
ore internal pilot operated 
for extreme accuracy ap- 
proaching instrument type 

ntrol. They handle oa 
very wide reduction and 


SAFETY VALVES 


Foster Super-Jet Safety 
Valves for steam pressures 
vp to 3000 P.S.I. and 
1100 °F; tight seating, have 
high relief capacity, pop 
occurately, are adjustable 
for minimum blow-down 
and con be completely 
serviced in the line 
Flanged or welding ends 


Type 38-SV 


PRESSURE REDUCING 
VALVES 


Foster J-1A Regulators for 
low pressure are sprin 

loaded, diaphragm actu 
ated. They ore designed 
primarily for steam heat 
ing systems, and are 
especially suitable for 
intermittent or dead-end 


often eliminote the need 
service where the required 
reduced pressure is rela 
tively close to the avai 


for a secondary stage 
valve. Self-contained or ar 
ranged for remote control 
able inlet pressure 


! 
ae 
! 


Type 50-G2S 


FLOW TUBES CHECK VALVES 


The Gentile Flow Tube is For positive, noiseless 
an impact type head meter operation Foster Cushion 
differential producer Check Valves are avail 
extremely accurate able in suitable materials 
measurement of fluid flow and construction for either 
it requires no straight high or low pressure lines 
runs unless installed near Bodies are streamlined for 
throttling valves or regu minimum pressure drop 
lators. Each tube furnished 

with individual head 


capacity curve 


Type CKH 


Gent 
*Gen-til'ly) Flow Tube 


a eae ae ae aes ae ee 
"= 


RELIEF VALVES Foster Automatic Regulating Valves for con- 


Foster R-4 Relief Valves 
ore spring loaded, adjust 
able, with internal pilot 


trolling pressure, temperature or level are 
built to suit your requirements. Each type of 
operated main valve for 
instantaneous 


practically regulator is designed to do a specific job, and 
relief of ce . ‘ ” ” 
a te ie a do it well. Sizes range from “a” to 20” de- 
is one of many for al 

operating conditions ond pending on design and on operating condi- 


services 


tions. Catalog 80 on request. Representatives 


in principal cities. 


FOSTER ENGINEERING COMPANY 


835 LEHIGH AVENUE UNION, NEW JERSEY 
AUTOMATIC VALVES * CONTROL VALVES * SAFETY VALVES * FLOW TUBES 
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Over 0 | Sq.Ft. of Tube Surface for Commonwealth at Ponce, P. R. 


| } immus designed ! 1 he heat THE LUMMUS COMPANY. Heat Exchanger Divi- 
I i n ny s 8&5 Madison Avenue, ew ork 17, N. Y. 
Atlanta * Boston ¢ (¢ 1z0 nnati * Cleveland 
Dallas * Denver * Det 
Houston * Kalamaz 
vr i. « Ned 


lowa ¢ Niskayuna 


neered to mee 

trouble-free service 

w established a stand- 
equipment to mee the 
R” and API-ASME ec: 


THE LUMMUS COMPANY, HEAT EXCHANGER DIVISION © 385 MADISON AVENUE, NEW YORK 17, N.Y 
Mat EnCHANeEE division 
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Lubrication—the only maintenance cost of these 


high-pressure Crane valves 


THE CASE HISTORY — When an 
you need to keep high 
pressure valves at peak efficiency 
year after year, you know your 
nt is a wise one. 


oil can is 


valve investm: 

That’s how Philadelphia Electric 
Company feels about the Crane 
Pressure-Seal Bonnet Gate Valvesat 
its Delaware Station—one of this 
utility’s newest units, started up 
early in 1953. 

The Crane valves, operating on 
boiler feed service at 2000 psi, 500 
F., have demonstrated completely 
their maintenance-saving values. 

The old practice of re-stressing 


bonnet bolts doesn’t apply to these 
valves. Yet the body-bonnet joint 
remains completely tight. Never a 
leak; never a need for a wrench. 
Crane Pressure-Seal design, utiliz- 
ing internal fluid pressure, main- 
tains a positively leakproof metal- 
to-metal joint inside the body. 

The seats and stuffing box on all 
valves remain equally tight. Opera- 
tion is smooth, nonsticking. The 
Crane flexible wedge disc prevents 
binding under contraction 

Other value features of Crane 
Pressure-Seal design are compact- 
ness... weight saving with no loss 


of strength . . . and clean exterior 
lines that simplify insulation 


Power plants around the world 
report new performamn e rec ords for 
Crane Pressure-Seal Bonnet Valves. 
Now’s the time to 
consider this ad- 
vanced design—in 
gates, globes,angles 
and stop-checks 
for modernization 
or extension proj- 
ects. Contact your 
local Crane Repre- 
sentative or write 
to address below. 


G RAN E VALVES & FITTINGS 


PIPE © KITCHENS e 


PLUMBING 


HEATING 


Since 1855—Crane Co., General Offices: Chicago 6, Ill. Branches and Wholesalers Serving All Areas 


COMBUSTION—February 1956 


69 








A NAIL... 


Something that wasn’t there 
once cost a king his life. 


For today’s boiler, lack of internal protective surfacing 
is hardly a life or death matter. Yet consulting engi- 
neers ... insurance underwriters . . . power plant oper- 
ators increasingly specify, recommend, and purchase 
Apexior Number 1 for tube and drum coating. Why? 


Because the yardstick of return on investment proves 
Apexior’s unique service now pays off at the highest 
rate ever ... for modern boiler design and operation 
today permit a single Apexior application to deliver 
maximum protection not only for a normally antici- 
pated five years, but for one — three sometimes 
even five years more! 


And because Apexiorizing is now a one-coat procedure, 
former material and labor estimates are halved. Pro- 
tection that can last twice as long today costs half as 
much ...a trifling pennies-per-square-foot premium 
to insure full return on a major capital investment. 


Like the legendary nail, boiler protective coating may 
seem a factor of small significance — yet it can mean 
the difference between acceptable performance and the 
best of which the modern boiler is capable. The assur- 
ance every inspection gives that tubes and drums are 
functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro- 
duction reliability and quality — a contribution meas- 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 
for specified end-use service protect cooling towers — 
intake water structures — pipeline interiors. For a 
recommendation to meet your requirements, write 
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HYDE PARK. BOSTON 36. MASSACHUSETTS 
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EROSION ve ree 


acTUAL dunt COLLECTING | 
TURES OF VARIOUS MATERIALS 


TUBE UNDER TEST 
4 TUBES ARE TESTED 
SIMULTANEOUSLY 


™ CUMULATIVE (O88 OF GRinma. wteenT 





Cen. ss 
HOURS OF OPERATION ¥ Woe * 


Wear machine developed in our laboratory to test resistance 
of various metal tubes. Above chart shows loss of weight in 
tubes of aluminum, steel, grey iron and white iron. 


years of research by AEROTEC now assure 


longer tube life for mechanical dust collectors 


Dust collector tubes of aluminum, because of the 
ductility of the metal, were at one time thought to be 
more erosion resistant than steel. However, acceler- 
ated tests now prove conclusively that of all the basic 
metals tested, white cast iron tubes assure greatest 
resistance to abrasion. 

In setting up the test procedure, unusually severe 
abrasive conditions were simulated—many times more 
severe than ever encountered in field installations. The 
most troublesome dust erosion-wise was selected for 
the test. After 6700 hours of continuous operation, 
tube wear for various metals produced the curves 
shown on this page. Note the outstanding performance 
of the white iron tube. Although in many cases alumi- 
num tubes are proving entirely satisfactory, white 
iron is now recommended for the majority of new 
installations. 

In development for over three years, the new 
Aerotec 5” white iron tube will assure longer life and 
continuing high efficiency in your dust collection 
equipment. Why not call or write today for complete 
information? Address The Thermix Corporation, 
Project Engineers for Aerotec. 


Project Engineers THE THERMIX CORPORATION Greenwich, Conn. 
(Offices in 38 principal cities) 
Canadian Affilictes: T. C. CHOWN, LTD, 1440 S. Catherine St. W., Montreal, Que 
Monvfocturers 
Greenwich, Conn. 


Designers ond Manufacturers of Automatic Controls, Valves — Regulating, Relief, and Check 
Type; Pressure Switches; Gouge, Altitude, Differential ond Absolute Types — Float Switches: Top, 
bottom or side mounted — Single, Dual or Tandem. 
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identifies metal in Spirotallic Gaskets 


and saves time, trouble and expense. This 
new method of identification also makes 
it easier for storekeepers and mechanics 
who handle the gasket. In addition, it 
simplifies inventories. 


Most engineers know that Spirotallic 
Gaskets maintain a perfect seal despite 
extreme fluctuation in fluid pressure and 
flange compression. Consequently, these 
gaskets are used in a wide range of serv- 
ice conditions which include high tem- 
peratures, elevated pressures and active 
corrosives. To withstand these con- 
ditions, Spirotallic Gaskets employ a 
variety of corrosion-resistant alloys. 


Because so many of these metals look 
alike, only expensive tests or costly ex- 
perience with the gasket could determine 
the gasket metal used, once its identifying 
tag was lost. Now the color patch on the 
centering guide tells the metal employed 


Spirotallic Gaskets hold their seal be- 
cause they are made of spirally wound 
interlocking plies of asbestos and spring- 
like metal strip. These gaskets compress 
easily with light bolting. For catalog 
PK-35A and copy of color code card 
write Johns-Man- 
ville, Box 60, New 
York 16, N. Y. In 
Canada, Port 
Credit, Ont. 


Here are seven of the 
metals available and 
their color identifications 


Zinc-coated 
stee!— 
white 


Type 304 
Stainless— 
yellow 


Type 316 
Stainless— 
green 


Type 347 
Stoinless— 
blue 


Monel— 
orange 


Copper— 
brown 


Aluminum— 
aluminum 
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Modernize Boiler Cleaning 
| to IMPROVE AVAILABILITY 


I'm all stuffed up with ash. Boy! I'm feeling swell all the 
My availability is low. time now. Ready for action every 

Wish this quy would give me a day—all day. Made a new avail- 
break with some modern ability record since my cleaning 

Diamond Cleaning Equipment. was modernized by Diamond. 








4 a 
DIAMOND POWER SPECIALTY CORPORATION 


LANCASTER, OHIO 


DIAMOND SPECIALTY LIMITED, WINDSOR, ONTARIO 7205 


Ni 


4 





to Shaw experts 


the unmusual is routine 


At the St. Joe Paper Company in Port St. Joe, Florida, business went on as 
usual all through the construction of an 800-ton expansion to the Kraft Board 
Liner Plant one of the largest expansions of its kind ever to be completed 
without interrupting production at the original facilities. The job of fabricating 
and installing the piping for this expansion—which involved piping for process, 
water, air, steam, drainage, filtration, and instrumentation—went to the Shaw 
Company of Wilmington, Delaware. A job well done, it included the con- 


necting of six new digesters, two recovery boilers, three power boilers, two 


Reser &. Mala, pr turbines, an evaporating plant, and a paper machine—as well as piping for 
Paper Company the 30 MGD main open waterway supply system from the Chipola River, 


f and one-half miles away. As is its custom, Shaw set up a complete 
field organization— under the direct supervision of its Wilmington Construction 
Department » handle material procurement, fabrication and installation 

payroll and cost accounting, and related matters. This on-the-spot 
bined with careful pre-planning and long years of diversified 
rience, enabled Shaw to complete another job economically, skill- 
schedule. Your piping iob can be handled just as economically, 


st as swiftly. Simply turn it over to Shaw while you 


business as usual 


BENJAMIN F. 


sha vv 


COMPANY 
MAIN OFFICES AND PLANT: WILMINGTON, DELAWARE e Since 1893 





